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ABSTRACT 

Introduction. Fetal short femur is defined by a femur length below the 5th percentile or 
-2 DS for the gestational age. The finding of a short femur represents a diagnostic 
dilemma for the various differential diagnosis. It may be associated with skeletal 
dysplasia, aneuploidies or genetic syndromes. In the isolated form, it may be an early 
sign of placental insufficiency and growth delay, or a normal variant in constitutionally 
small fetuses. 

Aims of the study: The aim of this study was: to examine postnatal outcome of 
pregnancies complicated by a short femur length; to compare outcomes in pregnancies 
with an early diagnosis of short FL (< 24 weeks of gestation) with pregnancies where 
this sign arises later in gestation (> 25 weeks of gestation); to analyse outcome 
differences in isolated and non-isolated form.  A secondary aim of our research was a 
proposal of a diagnostic algorithm as a tool to guide clinicians in the management and 
counselling of pregnancy with isolated and not isolated short femur length. For this 
purpose, a revision of current literature data on the argument was carried out.  
 
Materials and Methods: A longitudinal prospective cohort study was conducted. All 
singleton pregnancies with a diagnosis of fetal femur < 5 centile were enrolled in the 
study. Patients were divided into two groups: patients with diagnosis of FL < 
5th percentile at 14-24 weeks (group A) and at 25-40 weeks (group B). The differences 
in pregnancy complications and outcomes between the two groups were analysed. A 
comparison of the results of isolated and non-isolated forms was also carried out. For 
the secondary aim of our study we reviewed the literature and used meta-analytic 
technique to estimate accuracy of this marker in the prediction of Down Syndrome, 
IUGR and skeletal dysplasia. Correlation with poor perinatal outcome was also 
evaluated.   
 
Results: We enrolled 147 cases of short femur length in singleton pregnancies. In 61 
(41,49%) cases short femur was associated to other fetal anomalies, in 86/147 fetuses 
(58,5%) was classified as isolated. Abnormal fetal karyotype (27,3% vs 3.7% p: 0.02) 
and skeletal dysplasia (19,7% vs 3.7% p: 0.002) were more frequent in group A. Cases 
of multiple abnormalities was diagnosed in 9 cases in group A and in 6 cases in group B 
with a difference not statistically significant (13.6% vs 7.4% p < 0.193). Diagnosis of 
isolated short femur was more common in group B (79% vs 33,4%, p: 0.000). In group 
B diagnosis of IUGR was made in 44.4% vs 19.7% of group A (p:0.002). The SGA 
prevalence had a difference statistically significant between the two groups (7.6% vs 
24.7% p:0.007). The percentage of live birth was significant lower than group B (34.8% 
vs 97,6%). A comparison based on presence of an isolated short femur and not isolate 
finding (Group 1: Isolated - Group 2 not isolated) was also carried out. Abnormal fetal 
karyotype and (24,6% vs 7,0% p: 0.004), skeletal dysplasia (24,6% vs 1.2% p: 0.004) 
were more frequent in non-isolated group. Diagnosis of IUGR and SGA was more 
common in isolated group (47,7% vs 13,1%, p: 0.000, 25,6% vs 4,9% p 0.001) (table 4). 
The percentage of live birth was significant lower in not isolated group (45.9% vs 86% 
p 0.00). A higher incidence of neonatal complication, postnatal surgery and neonatal 
death were notice in not isolated group compared to isolated (57,69% vs17.45% p 
0.019; 27,92% vs 4,2% p:0.003).  
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Meta-analysis showed a higher incidence of short femur length in Down Syndrome 
fetuses (375/1326 28,2%) compared with euploid group (5809/188935, 3.07%) with an 
OR 5.12 (95% CI, 4.47-5.87). A higher incidence of IUGR/SGA was found in isolated 
short femur (455/3108, 14,6%) compared with the control group (11634/222362, 
5.23%) with an OR of 4.12 (CI 95% 3.70-4.58).  
 
Conclusions. The diagnosis of short FL is often a challenge in obstetrics. The results of 
our study could help clinicians in counseling these patients in presence of this 
ultrasound findings. The diagnosis of a non-isolated short femur length before 24 weeks 
of gestation is associated to poor pregnancy outcome. When a short femur arises late in 
gestation and in isolated form, pregnancy outcome is better in term of chromosomal 
abnormalities but high rate of IUGR, SGA and neonatal complication is possible. 
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INTRODUCTION 

 

1. PRENATAL DIAGNOSIS: STATE OF ART 

Congenital anomalies affect approximately 2% of liveborns but have a major impact on 

pregnancy loss as well as on perinatal mortality and morbidity [1]. In particular 

EUROCAT recorded a total prevalence of major congenital anomalies of 23.9 per 1,000 

births for 2003-2007. 80% were live births. 2.5% of live births with congenital anomaly 

died in the first week of life. 2.0% were stillbirths or fetal deaths from 20 weeks 

gestation. 17.6% of all cases were terminations of pregnancy following prenatal 

diagnosis [2]. Scientists have been intrigued with congenital malformations since early 

history, so that many studies were conducted to understand causes, patterns and risk 

factors. Still today about 60% of congenital anomalies causes in humans remains 

unknown, however it is recognized that genetics plays a central role in the mechanism 

of birth defects both as unique cause than in association with environmental risk factors 

[3].  

 

1.1 Ultrasound in prenatal diagnosis  

The use of ultrasonography for obstetrics was developed in the late 1950s as A-mode or 

amplitude mode ultrasound. A single high frequency sound wave was transmitted and 

the reflected signal was used to plot the distance and localize the fetal head. In the 3 

1970s, B-mode, or brightness-mode was developed using a digital scan converter and 

black/white images over a contrasting back ground allowed the viewing of static fetal 

images. Steady development of ultrasonography brought real-time imaging in the 1980s 

[4,5]. Over the last decades, ultrasonography has become a vital part of obstetric care. 
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There have been remarkable advances in technology, sonographic instrumentation and 

in sonographers abilities, so that ultrasound imaging is now considered the key to the 

prenatal diagnosis of most fetal malformations [6]. This technique is widely available, 

easy to apply, cost-effective and safe for the fetus. Taking advantage of real-time 

imaging, ultrasound allows an examination of the external and internal anatomy of the 

fetus and the detection of not only major congenital anomalies but also subtle markers 

of chromosomal abnormalities and genetic syndromes. Next to two - dimensional 

ultrasound (2D) imaging, three - dimensional (3D) and increasingly four - dimensional 

(4D) ultrasound (includes fetal movements) is being applied in fetal diagnosis. These 

modalities, through volume acquisition, allow to study anatomical structures of interest 

in different planes of section. In this way more detailed images of various fetal 

structures can be obtained [7]. Guidelines regarding obstetric ultrasonography have 

been published by numerous organizations [8-10]. This prenatal investigation is offered 

to pregnant women at the optimal gestations age during pregnancy, by public health 

system in mostly national and international screening programs. 

 

1.1.1 First trimester ultrasound examination (before 14 week of gestation)  

The first trimester is defined as the first 13 weeks + 6 days of pregnancy following the 

last normal menstrual period. It can be divided into three phases, each of which has 

typical clinical issues: conception phase (3-5 week); embryonic phase (6-10 weeks) 

fetal phase: (10-12 weeks). During the first trimester, the pregnancy progresses from a 

tiny gestational sac with no visible embryo, to a 84 mm fetus with identifiable features 

and internal organs. In developed countries routine scanning is offered during first 

trimester to assess early fetal development. Current guidelines recommend to perform 
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this scan before 14 weeks of gestation to confirm viability, accurately establish 

gestational age, determine the number of fetuses and, in the presence of multiple 

gestation, assess chorionicity and amnionicity. Towards the end of the first trimester, 

the scan also offers an opportunity to detect major fetal abnormalities and, in health 

systems that offer first-trimester aneuploidy screening, to measure the nuchal 

translucency thickness (NT) [9]. NT is the accumulation or collection of fluid behind 

the fetal neck that is detected during sonographic evaluation in the first trimester 11–

13+6 weeks of gestation when Crown-rump-length (CRL) of the fetus measures from 

45 to 84 mm. An increased NT has been associated with trisomy 21, as well as other 

chromosomal abnormalities, genetic syndromes, and structural malformations [11]. In 

early pregnancy, it is possible to recognize with confidence certain types of fetal 

malformations, like anencephaly, which can be reliably diagnosed at 10-14 weeks of 

pregnancy. In some cases omphalocele and limb anomalies are also definable using 

ultrasound in the first trimester, while other structural malformations, like urinary tract 

abnormalities, are detectable later in pregnancy. Detection rates (DRs) of first-

trimester fetal anomalies ranged from 32% in low-risk groups to more than 60% in 

high-risk groups, demonstrating that first-trimester ultrasound has the potential to 

identify a large proportion of fetuses affected with structural anomalies. The use of a 

standardized anatomical protocol improves the sensitivity of first 

trimester ultrasound screening for all anomalies and major anomalies in populations of 

varying risk [12]. (Figure 1.) 
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1.1.2 Second trimester ultrasound examination: anomaly scan (19-22 weeks of 

gestation)  

The second trimester is an important time period for prenatal screening. This is the 

optimal gestational age to screen for fetal structural anomalies. Mid-trimester scan is 

also used to check fetal growth by fetal biometry of head, abdomen and long limbs and 

to date pregnancy for patients that have missed the first trimester screening period. 

Anomaly scan should be offered routinely to all patients, preferably between 18 and 22 

weeks of gestation  by an appropriately trained sonographer and with equipment of an 

appropriate standard. Prenatal screening examination includes an evaluation of the 

following:  cardiac activity; fetal number (and chorionicity if multiple pregnancy); fetal 

age/size; basic fetal anatomy; placental appearance and location. The performance of 

mid-trimester ultrasound seems better if an scan protocol is used  (Table a)[10]. The 

accuracy in detecting malformations by ultrasound, however, shows great variability 

Figure 1. 
Sonograms 

showing first 

trimester fetal 

ultrasound 

examination : 

(a) CRL; (b) 

NT and Nasal 

Bone; (c) 

Tricuspid 

Flow, (d) 

Ductus venosus 

flow. 

A B 

C D 
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among centers and operators. Large studies and reviews report DRs of 16–44% of 

anomalies in the second trimester, with higher DRs (84%) of major and lethal anomalies 

[13,14]. EUROCAT registers report a DR of about 40% [15].  (Figure 2) 

 

 

 

Table a. Recommended minimum requirements for basic mid-trimester fetal anatomical 

survey according ISUOG guidelines (10) 
Head Intact cranium 

Cavum septi pellucidi 
Midline falx 
Thalami 
Cerebral ventricles 
Cerebellum 
Cisterna magna 

Face Both orbits present 
Median facial profile 
Mouth present 
Upper lip intact 

Neck Absence of masses (e.g. cystic hygroma) 

Chest 

 

Heart Normal appearing shape/size of chest and lungs 
Heart activity present 
Four-chamber view of heart in normal position 
Aortic and pulmonary outflow tracts 
No evidence of diaphragmatic hernia 
Three-vessel cord 

Abdomen Stomach in normal position 
Bowel not dilated 
Both kidneys present 
Cord insertion site 
Genitalia Male or female 

Skeletal No spinal defects or masses (transverse and sagittal views) 
Arms and hands present, normal relationships 
Legs and feet present, normal relationships 

Placenta Position 
No masses present 
Accessory lobe 
Umbilical cord 
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1.1.3 Third trimester ultrasound (28-32 weeks of gestation)  

The purpose of third trimester ultrasound assessment is the evaluation of fetal growth 

and the check of amniotic fluid index and placenta insertion. Full evaluation should 

include assessment of fetal cardiac activity, fetal presentation and lie, measurements of 

fetal size, placental localization, amniotic fluid volume. Fetal weight is esteemed from 

biometric parameters and usually compared with Hadlock fetal growth charts to exclude 

intrauterine growth restriction (IUGR) or large for gestational age fetuses (LGA). In 

fetuses at risk for growth pathologies an assessment of fetal Doppler ultrasound is 

required for wellbeing. This consist in a registration of pulsatility index in Umbilical 

artery and in middle cerebral vascular artery to exclude impaired fetal oxygenation. 

Even if the purpose of third trimester ultrasound in not the exclusion of anomalies, fetal 

anatomy must be checked. Italian guidelines recommend the visualization of four-

chamber-view, stomach, kidneys, bladder and lateral ventricle of fetal head [8]. Policies 

regarding routine third trimester obstetrical ultrasound differ among countries. In some 

European countries (France, Switzerland, Belgium, and Germany), it is common 

practice to include routine third trimester ultrasound as part of normal prenatal care 

[15]. In Italy the new basic health care levels in force from January 2017, affirm that a 

third trimester ultrasound should be offered only in high risk pregnancies [16]. So this 

scan is not recommended in the low-risk pregnancy population. This decision was 

argued, because many fetal anomalies could not be detectable before the third trimester 

of pregnancy. In countries that permit late termination of pregnancy (TOP), such as 

France, a policy of routine third trimester ultrasound is easier to justify. But also if TOP 

is not permitted, third trimester ultrasound could be lifesaving when a fetal 
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malformation is diagnosed for the management of pregnancy.  The location, timing, and 

route of delivery may be modified in order to improve the neonatal outcome. [17, 18] 

 

 

 

1.2 Non-invasive screening for fetal aneuploidies.  

In the last decades, we assisted to remarkable advances in prenatal screening for 

aneuploidy, particularly in the identification of Down Syndrome [19]. Definitive 

prenatal diagnosis for chromosome disorders requires invasive sampling followed by 

karyotype analysis. However, invasive tests are costly and pose a risk of procedure-

related complications including miscarriage [20] so that could not be used as a routine 

in general population. In the 1980s in many developed countries invasive prenatal tests 

were offered to pregnant women with advanced age (>35 years). This strategy was not 

efficient because less than one third of Down syndrome pregnancies were diagnosed 

prenatally and of those undergoing invasive prenatal diagnosis only about 2% had fetal 

karyotype abnormalities [21]. The introduction of second-trimester serum analyses 

improved the screening performance for aneuploidy from a 30% of the advanced 

maternal age to 60-84% with a false positive rate (FPR) of 5% [22, 23]. The proportion 

Figure 2 . Sonograms showing mid-trimester ultrasound scan of fetal heart: (a) four-chamber view; (b-c) 
Aortic and pulmonary outflow tracts 
 

A B C 
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of Down syndrome pregnancies diagnosed was more than doubled and a chromosomal 

abnormality was found in as many as 4% of those designated as ‘screen-positive’ [24]. 

Despite the enhancement, this screening strategy was considered still not satisfactory 

for the high rate of false negative and the late diagnosis of chromosomal abnormalities 

that could imply pregnancy termination at an advanced gestational age stressful for the 

couple. In the early 2000s screening for aneuploidy showed a substantial development 

with the diffusion of combined test. This test, performed during the first trimester (11-

13 weeks+6), consisted in ultrasound measurement of NT together with maternal serum 

concentration of placental proteins free beta human chorionic gonadotropin (free-ßhCG) 

and pregnancy-associated plasma protein-A (PAPP-A). This test detects about 90% of 

fetuses with major aneuploidies with a FPR of about 5% [25]. The performance of 

combined test can be improved by assessing additional ultrasound markers such as nasal 

bone, ductus venosus flow and Doppler flow across the tricuspid valve [26-28]. 

Recently, analysis of cell-free DNA (cfDNA) in maternal blood for non-invasive 

prenatal testing (NIPT) has been introduced as a method of screening for fetal 

aneuploidies [29]. The current literature showed that this test is highly accurate in the 

detection of common fetal autosomal trisomies: maternal blood in singleton pregnancies 

could detect >99% of fetuses with trisomy 21, 98% of trisomy 18 and 99% of trisomy 

13 at a combined FPR of 0.13%. The testing is also routinely offered for the detection 

of sex-chromosome abnormalities although robust estimates for the DRs, FPRs and 

positive predictive values (PPVs) are not well established for these disorders [30]. 

Efforts have therefore been made to extend NIPT to identify additional imbalances, 

microdeletion and microduplication. Some companies have launched expanded content 

including a discrete set of microdeletion syndromes [31, 32]. Despite the superior of this 
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screening test, at present the cost is too high to be adopted as primary test of screening. 

Therefore NIPT test could be used in association to first trimester combined screening 

in a contingent model where first-trimester combined testing is offered to all patients as 

a triage and assessment of cfDNA as a secondary test in a smaller proportion of 

pregnancies [33].  

 

1.3 Prenatal invasive procedure 

Up till the early 1970s, prenatal diagnosis of congenital anomalies was primarily aimed 

at detecting chromosomal abnormalities by amniocentesis [34]. At present, invasive 

prenatal diagnosis continues to be the gold standard for pregnancies at increased risk for 

chromosomal anomalies or other genetic diseases, for whom such time-consuming 

procedures are believed to be cost-effective, also accounting for procedure-related 

abortive risks. Chorionic villus sampling (CVS) is the procedure of choice for the first 

trimester [35]. CVS technique is performed from 11-13 weeks of gestation. There are 

two types of CVS procedures: transcervical and transabdominal. In the transvervical 

CVS a catheter is inserted through the cervix into the placenta to obtain the tissue 

sample. Transabdominal CVS consists into a sample of chorionic villi by a needle 

inserted through the abdomen and uterus into the placenta [8, 36]. Amniocentesis 

continues to be performed in mid-trimester gestation [37]. This technique consists in 

collecting a sample of amniotic fluid from the uterine cavity using a needle via a 

transabdominal approach. Both procedures are ultrasound guided. CVS and 

amniocentesis are offered to pregnant women with an increased chance of a fetal 

chromosomal or genetic disorder. In particular indications to offer a diagnostic test 

include: 
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 Increased risk of abnormality identified through antenatal screening for 

aneuploidies (combined screening or NIPT test); 

 Previous pregnancy affected with a chromosomal or genetic condition; 

 Parents known carriers of a genetic condition; 

 Family history of a genetic condition; 

 Ultrasound scan showing fetal abnormalities which are associated with a 

chromosomal or genetic condition. [8,36] 

Historically, the targets of prenatal diagnostic testing for women undergoing invasive 

testing have been limited to whole chromosome aneuploidy (e.g., trisomy 21, trisomy 

13, trisomy 18, and monosomy X), molecular genetic diseases with known cause 

(Fragile X syndrome, cystic fibrosis, and sickle cell disease), and discrete microdeletion 

syndromes (e.g., 22q11 deletion syndrome and Cri-du-Chat). Any testing performed 

beyond the standard karyotype has been limited to those indicated on the basis of family 

history of phenotype. The availability of chromosomal microarray analysis (CMA) has 

enabled clinicians to cast a wide net for clinical diagnosis. CMA can simultaneously 

detect whole chromosome aneuploidy, a wide variety of copy number variants (CNVs), 

including all known microdeletion/microduplication syndromes, and loss of 

heterozygosity suggestive of either consanguinity or uniparental disomy. Although not 

yet utilized routinely in prenatal diagnosis, whole genome sequencing and whole exome 

sequencing are proving to have a role in research (i.e., gene discovery) and clinically in 

diagnosing genetic conditions that are difficult to diagnose on the basis of phenotype 

alone [38]. 
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1.4 Additional imaging techniques 

 Fetal echocardiography is an essential tool for screening fetal cardiac anatomy. 

It is defined as a detailed sonographic evaluation used to identify and 

characterize fetal heart anomalies before delivery. This specialized diagnostic 

procedure is an extension of the “basic” and “extended basic” fetal cardiac 

screening parameters studied in anomaly scan. Two-dimensional imaging is still 

the gold standard and commonly used in fetal echocardiography therefore color 

and pulsed wave Doppler give effort to this diagnostic tool. Fetal 

echocardiography is commonly performed between 18 and 22 weeks of 

gestation. Some forms of congenital heart disease may even be recognized 

during earlier stages of pregnancy so that first-trimester fetal echocardiography 

is diffusing in specialized fetal medicine center. Congenital heart disease is the 

most common abnormality in the human fetus, occurring in approximately 8-9 

per 1,000 live births. Prenatal diagnosis of cardiac defects is important because 

it allows families to receive appropriate counseling and to properly prepare for 

the birth of a child with congenital heart disease [39, 40, 8].  

 Magnetic resonance imaging (MRI) is playing an increasingly important role in 

the evaluation of fetal genetic disorders and malformations. Although fetal MRI 

was introduced in the 1980 –90s, the indications for using this technique 

increased with the introduction of ultrafast T2-weighted sequences. These 

sequences reduced considerably the acquisition time, obviating the need for fetal 

immobilization [41]. MRI has the potential to improve diagnostic accuracy of 

the prenatal imaging. It offers a high spatial, temporal, and contrast resolution, 

which makes the detailed study of fetal pathologies possible. To date, it has not 
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been shown that MRI imaging has any adverse effects on the fetal growth or 

development [42]. MRI is considered as a third diagnostic tool requested only if 

there is an indication arose during second level ultrasound examination. It is a 

technique still reserved to tertiary center and it is necessary expertise. 

Assessment of the fetal central nervous system (CNS) is the major indication for 

fetal MRI [8]. 

 

1.5 Genetic counselling in prenatal diagnosis  

Advances in genetics and fetal imaging have improved our ability to secure early 

prenatal diagnosis of a rapidly enlarging spectrum of genetic and developmental 

disorders. The complexity of this new information has given rise to a specialized group 

of medical operators, the genetic counselors, dedicated in helping pregnant patients and 

couple to understand their genetic risks, cope with the implications of these risks, and 

use the available genetic technology to improve diagnosis of genetic condition involved 

in human anomalies [43].  

Genetic counseling is a communication process which deals with the human problems 

associated with the occurrence or risk of occurrence of a genetic disorder in a family. 

This process involves an attempt by one or more appropriately trained persons to help 

the individual or family to:  

 comprehend the medical facts including the diagnosis, probable course of the 

disorder, and the available management,  

 appreciate the way heredity contributes to the disorder and the risk of recurrence 

in specified relatives,  

 understand the alternative for dealing with the risk of recurrence,  
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 choose a course of action which seems to them appropriate in view of their risk, 

their family goals, and their ethical and religious standards and act in accordance 

with that decision, 

 to make the best possible adjustment to the disorder in an affected family 

member and/or to the risk of recurrence of that disorder. 

In the prenatal setting, the following represent the most common medical indication for 

a referral to a genetic counselor: 

• Advanced maternal age (maternal age greater than 34 years), 

• Positive maternal serum screen, 

• Patient or family member with a known mendelian disorder 

• Prior pregnancy with a chromosomal disorder, 

• Family history of mental retardation or birth defect, 

• Fetal anomalies or markers detected by sonogram, 

• Recurrent pregnancy loss/stillbirth, 

• Infertility, 

• Ethnic-based carrier screening, 

• Consanguinity, 

• Maternal disease and/or teratogen exposure, 

• Parental concern [44]. 

Ultrasound abnormalities could be identified in high risk pregnancy but also in patient 

with no risk factors. The unexpected finding of an anomaly during routine ultrasound 

could cause extreme parental concern. Genetic counselors can assist patients by 

explaining the significance of the finding and the availability of further testing through 

CVS, amniocentesis, fetal echocardiogram or magnetic resonance. They can also 
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interpret genetic test results for the patient and aid in the follow-up decisions based on 

these tests. Interpretation of findings and test results as well as information about any 

underlying disorder may be critical determinants in helping couples make decisions 

about the management of their pregnancy [44].  

In some situation counseling could be complex: ultrasound markers not clearly 

correlated with genetic and chromosomal disorders are identified, true anomalies are 

detected, but it may be unclear if they are associated with an underlying genetic or 

chromosomal disorder. Family medical history information, maternal serum screening 

results, and other pertinent information must be gathered to allow for better assessment 

of genetic risk.  

Most genetic counseling in relation to prenatal diagnosis will inevitably, and rightly, be 

carried out by obstetricians and those involved in primary care, with specialists in 

medical genetics responsible for those cases where the genetic aspects are complex. 

Today interdisciplinary fetal medicine groups are growing, where obstetrician, 

radiologist, medical geneticist, non-medical genetic counselor can meet regularly to 

discuss specific cases and work together in the management of pregnancy complicated 

by fetal anomalies.  
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2. PRENATAL DEVELOPMENT OF HUMAN FEMUR 

 

The femur, or thigh bone, is the longest, heaviest, and strongest bone in the body. It is 

located in the upper leg. It supports the entire body's weight during most activities. 

Structurally, the femur is classified as a long bone. It consists of a diaphysis and an 

epiphysis. The diaphysis is composed by compact bone that surrounds the medullary 

cavity; epiphyses is located in the expanded ends of the bone and constituted by 

compact bone exteriorly and spongy bone interiorly, with joint surface covered with 

hyaline cartilage. Metaphyses are the areas between the epiphysis and diaphysis and 

include the epiphyseal plate in growing bones. The head of the femur rests inside the 

acetabulum in the pelvic bone; together, they form the hip joint. The distal end of the 

femur joins with the tibia and the patella to form the knee joint [1].  

 

2.1 Limb's embryology 

The development of the long bones at various gestational ages in the fetus has always 

been a subject of interest for many clinicians. Skeletal development in the limb starts 

with formation of limb buds, outgrowths of the lateral body wall. They appear early in 

the second month of human development as a result of proliferation of mesenchymal 

cells from the lateral plate mesoderm [2]. At the end of the fourth week of development, 

limb buds become visible as outpocketings from the ventro-lateral body wall covered by 

a layer of cuboidal ectoderm, called the apical ectodermal ridge (AER). The forelimbs 

appear first, followed by the hindlimbs a few days later. AER is an embryonic structure 

that drives the outgrowth of the limb. It exerts an inductive influence on adjacent 

mesenchyme, causing it to remain as a population of undifferentiated, rapidly 
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proliferating cells, the progress zone. Development of the limb proceeds 

proximodistally. In 6-week-old embryos, the terminal portion of the limb buds becomes 

flattened to form the hand- and footplates and is separated from the proximal segment 

by a circular constriction. Later, a second constriction divides the proximal portion into 

two segments, and the main parts of the extremities can be recognized [3]. 

During morphogenesis, limbs gradually undergo through the mesenchymal, 

chondrogenic and osseous phase. Limbs are formed along the three axes: 

• proximodistal axis; 

• anteroposterior axis; 

• dorsoventral axis; 

As the limb grows out, mesenchymal cells condense in the center to form the cartilage 

anlagen of the limb bones. The anlagen develop in a proximal to distal direction, and 

their development can be described as a series of bifurcations and segmentations that 

follow an axis along the humerus/femur, through the ulna/tibia and the distal carpal (or 

tarsal in the foot) anlagen [4]. Patterning along the proximal to distal axis is largely 

controlled by factors produced by the AER [5]. These include fibroblast growth factors 

that are important for stimulating proliferation and patterning of the underlying 

mesenchyme [6-7]. Along the antero-posterior axis, which is responsible for limb 

development in direction from the thumb to the little finger, cellular interactions are 

controlled by the cells in the zone of polarizing activity, which expresses sonic 

hedgehog morphogen. Interactions of dorsoventral axis, which include development of 

the back of the hands to palms, are primarily controlled by the WNT7 signaling protein 

[8]. 
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Separation of human digits takes place between the 6th and 8th week of development [3] 

and is executed by the process of apoptosis in the interdigital spaces [9]. Fingers and 

toes are formed when cell death in the AER separates this ridge into five parts. Further 

formation of the digits depends on their continued outgrowth under the influence of the 

five segments of ridge ectoderm, condensation of the mesenchyme to form cartilaginous 

digital rays, and the death of intervening tissue between the rays.  

Bones in vertebrates are formed via two different processes: 

 intramembranous ossification: bone tissue is directly formed from mesenchymal 

progenitors, that differentiate in osteoblasts. In the case of long bones in 

mammals, this process generates the bone collar and sequentially increases its 

diameter [10]; 

 endochondral ossification: mesenchymal cells differentiate into chondrocytes 

that secrete the characteristic extracellular matrix of hyaline cartilage. Bone is 

formed by replacing a cartilaginous mold with bone tissues. This is essential for 

epiphyseal morphogenesis and longitudinal growth of long bones [2] (Figure 3). 

Ossification of the long bones begins by the end of the embryonic period. At about 6-8 

weeks after conception skeletal element is formed initially as a condensation of 

precartilage cells in a histologically homogenous population of mesenchymal cells. 

These cells undergo differentiation and maturation into chondrocytes that form the 

cartilaginous skeletal precursor of the bones. Soon after, the perichondrium, a 

membrane that covers the cartilage, appears. Chondrocytes go through further growth 

and differentiation via the growth plate (ordered layers of several differentiation states 

of chondrocytes). As more matrix is produced, the chondrocytes in the center of the 

cartilaginous model grow in size. Subsequently intramembranous ossification of the 
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perichondrium and endochondral ossification of cartilage occur. This results in their 

death and the disintegration of the surrounding cartilage. Blood vessels invade the 

resulting spaces, not only enlarging the cavities but also carrying osteogenic cells with 

them, many of which will become osteoblasts. These enlarging spaces eventually 

combine to become the medullary cavity. As the cartilage grows, capillaries penetrate it. 

This penetration initiates the transformation of the perichondrium into the bone-

producing periosteum. Here, the osteoblasts form a periosteal collar of compact bone 

around the cartilage of the diaphysis. By the 12th week after conception, bone cell 

development and ossification ramps up and creates the primary ossification center, a 

region deep in the periosteal collar where ossification begins. While these deep changes 

are occurring, chondrocytes and cartilage continue to grow at the ends of the bone (the 

future epiphyses), which increases the bone’s length at the same time bone is replacing 

cartilage in the diaphyses. At birth, the diaphysis of the bone is usually completely 

ossified, but the two ends, the epiphyses, are still cartilaginous. Shortly thereafter, 

however, ossification centers arise in the epiphyses. Temporarily, a cartilage plate 

remain between the diaphyseal and epiphyseal ossification centers. This plate, the 

epiphyseal plate, plays an important role in growth in the length of the bones. 

Endochondral ossification proceeds on both sides of the plate. Each of these centers of 

activity is referred to as a secondary ossification center.  When the bone has acquired its 

full length, the epiphyseal plates disappear, and the epiphyses unite with the shaft of the 

bone [2-3]. Growth of skeletal elements occurs by the combination of two modes; 

appositional and interstitial growth. The former is growth by cell proliferation and 

addition of cells in the primordium, and the latter is growth by enlargement of the 
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volume of substance (chondrocyte hypertrophy and extracellular matrix deposition) 

[11].  

 

 

 

 

2.2 Regulation of mesenchymal condensation and chondrocyte differentiation in limb 

skeleton development 

 

The development of cartilage and bone in the primary centers of the skeleton has been 

the subject of a very large number of researches, and the morphological aspect of the 

various phases is now known in great detail. The process of intramembranous and 

endochondral ossification presenting in long bones growth consists in sequential 

changes of mesenchymal condensations, chondrocyte proliferation and hypertrophic 

differentiation and terminal replacement with bone. This multistep process is regulated 

Figure 3 . Endochondral bone formation. 
 



22 

 

by a complex network of signaling systems, growth factors and transcription factors 

[12-13]. The most important of these include sonic hedgehog, secreted by a small group 

of cells (called the zone of polarizing activity) located at the posterior aspect of the 

developing limb bud, homeobox transcription factors, and members of the TGF-ß 

superfamily of signaling molecules [14]. All these molecules are working together as an 

orchestrated system to generate the normal limb skeletal pattern. Mutations in many of 

these genes result in striking abnormalities in the limb skeleton.  

The choice of mesenchymal cells to differentiate into osteoblasts or chondrocytes is 

regulated by a canonical Wnt signaling. In areas of membranous ossification, Wnt 

signaling results in high levels of ß-catenin in mesenchymal cells [15]. This induces the 

expression of genes that are required for osteoblastic cell differentiation and inhibits 

transcription of genes needed for chondrocytic differentiation. One of the induced 

transcription factors, CBFA1/RUNX2 [16-18], in turn induces the expression of another 

transcription factor called osterix (OSX) [19], and these two factors are critical for the 

differentiation of mesenchymal cells to osteoblasts. The formation of membranous 

bones occurs within mesenchymal condensations that are rich in blood vessels. 

Angiogenesis is an essential part of the process and is controlled by both pro-angiogenic 

and anti-angiogenic factors. [20]. The differentiation of chondrocytes and formation of 

cartilage anlagen occur in mesenchymal condensations with low levels of ß-catenin. 

This results in upregulated expression of the transcription factors of the SOX family. In 

contrast to membranous bones, vessels are excluded in endochondral ossification. 

Curiously, the chondrocytes in the anlagen express VEGF-A at a low level [21, 22]. 

This level of expression is insufficient for stimulating ingrowth of capillaries from the 

tissue (perichondrium) around the cartilage. However, it is essential for survival of the 
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proliferating chondrocytes in the end regions (epiphyses) of the developing 

endochondral bones, and inactivation of VEGF-A expression in chondrocytes at an 

early developmental stage results in massive chondrocytic cell death in these epiphyseal 

regions [23]. As development of endochondral bones proceeds, chondrocytes became at 

the center of the avascular anlagen cease to proliferate hypertrophic and express high 

levels of the transcription factor CBFA1/RUNX2, and this results in upregulated 

expression of several genes. Among these genes there is VEGF-A and connective tissue 

growth factor (Ctgf). The two factors are important for invasion of blood vessels, 

osteoblastic progenitor cells, and cartilage/bone-resorbing cells from the perichondrium 

into the hypertrophic cartilage. This invasion results in formation of a primary 

ossification center, characterized by erosion of the hypertrophic cartilage and its 

replacement with bone marrow and trabecular bone. The primary ossification center 

does not form when VEGF-A expression is inactivated, indicating that VEGF-A is 

crucial for this critical step in endochondral ossification.  

The process of mesenchymal condensations, chondrocyte differentiation and 

proliferation has been shown to be regulated by bone morphogenetic proteins (BMPs) 

and Sry-box 9. The rate of cartilage differentiation is modulated by parathyroid 

hormone related peptide (PTHrP) and Indian hedgehog (Ihh), while fibroblast growth 

factor receptor 3 inhibits proliferation of chondrocytes and promotes hypertrophic 

differentiation [24-25]. 

 

2.3 Biometric evaluation of fetal femur during gestation 

Fetal femur length (FL) is defined as the measurement between the distal and proximal 

ossification centers of the femoral diaphysis. It is a useful parameter in the evaluation of 
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fetal growth in the second and third trimester of pregnancy. FL is the only long bone 

measurements required during the routine second trimester scanning by international 

guidelines. Careful ultrasonographic measurement of only the ossified portions of the 

diaphysis is needed to obtain accurate measurements. The ossified portion of the femur 

is measured from the major trochanter to the distal end of the femoral shaft; the distal 

and proximal epiphyses are not included in the measurement. Oblique planes must be 

avoided and the femur closer to the transducer must be measured while the transducer is 

aligned parallel to the long axis of the bone [26, 27]. The sonographic assessment of the 

FL in utero could be also used for the determination of gestational age with an accuracy 

of 95% [28]. It is best measured after 14 weeks of pregnancy [29]. It increases linearly 

throughout pregnancy, as demonstrate in fetal growth chart [30, 31]. Variation in fetal 

FL is present with respect to maternal race. In particular the fetuses of Asian women 

have less-than-expected femur lengths and the fetuses of black women have greater-

than expected femur lengths than the fetuses of white women in the second trimester 

[32]. It was supposed that other factors, such as maternal and paternal height, are also 

important in influencing fetal femur length. On this basis, construction of customized 

fetal growth charts was produced by Working Group on Fetal Biometric Charts of the 

Italian ultrasound Society of Obstetrics and Gynecology (SIEOG). A significant 

relationship between fetal biometric data and parental constitutional characteristics, 

parity, and race was documented in a large population of low-risk singleton 

pregnancies. For FL values, paternal and maternal height, maternal weight, and Central 

or North African maternal race were found to be significant covariates [33]. (Figure 4, 

5) 

 



 

 

 

 

 

 

 

Figure 4 . Femur length biometric Chart 
 

 

Femur length biometric Chart  

Figure 5 . Sonograms 
showing femur length 
measurement 
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Sonograms 
showing femur length 
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3. FETAL SHORT FEMUR LENGHT: DEFINITION AND IMPLICATIONS 

 

A short FL has been defined as the presence of biometric value of fetal femur below the 

5th percentile or -2 standard deviations (SDs) for gestational age at ultrasound 

examination [1]. Short FL is also defined using two different previously published 

definitions that used the biparietal diameter (BPD) to femur length (FL) ratio and the 

observed to expected (O/E) femur length ratio [2]. The first was described by Dicke et 

al. [3]. A femur was defined short if BPD/FL ratio was 1.5 SDs above the mean for 

gestational age. According O/E ratio, a short femur was found when the actual FL 

measurement compared to the expected femur length measurement for gestational age 

was ≤0.91, [4]. The regression formulae used to determine the values for expected FL 

measurements were derived by Nyberg et al on the basis of BPD: FL = −0.966 + 0.866 

×BPD; HL = −0.884 + 0.834 × BPD [5].  

As previously reported, FL measurement is one of the biometric parameter measured 

during routine second and third trimester ultrasound evaluation to check fetal growth 

and to esteem fetal weight [6-8]. The detection of a fetal FL below the expected value 

might be a diagnostic challenge for the examiner: it may be a marker of aneuploidy or 

associated with other genetic abnormalities or skeletal dysplasia [1]. More recent studies 

have suggested as an isolated short femur, in the second trimester of pregnancy, could 

be an early marker of IUGR and small-for-gestational age (SGA) neonate [9-11]. In 

most cases, short FL may be the result of an inaccurate measurement or may be a 

variant of normal, especially if present as an isolated finding. 
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3.1 Short femur length and aneuploidies  

 

Although chromosomal abnormalities occur at low frequency in the population, around 

0.5% to 2% [12], they contribute significantly to increase perinatal morbidity and 

mortality [13]. Trisomy is the most frequent chromosomal abnormality, especially of 

chromosome 21, that is, Down syndrome (prevalence 1 in 660 live births) [14]. This 

syndrome was first described in 1866 by John Langdon Down who gives it the name 

[15]. The genetic basis of DS was discovered later in 1959 by Lejeune and colleagues 

by the presence of chromosome 21 in excess. [16]. Down Syndrome phenotype is 

complex and varies among individuals, who may present a combination of dysmorphic 

features and developmental delay [17]. The intellectual disability is a characteristic 

observed in all cases. On average, 50-70% of children with Down Syndrome have 

congenital heart defects, such as ventricular septal defect, atrial septal defect, tetralogy 

of Fallot, patent ductus arteriosus and atrioventricular septal defect [18]. The most 

frequent clinical features predominantly affect the head, the neck and the extremities. 

Changes in the extremities include short broad hands, hypoplastic mid phalanx of fifth 

finger, incurved fifth finger, transverse palmar crease, space between the first and 

second toes (sandal gap deformity), hyperflexibility of joints. In addition, fetuses with 

trisomy 21 have slightly shorter long bones than their normal counterparts. Actually, the 

mean length at birth is approximately 0.5 SDs less than normal babies. In addition 

birthweight and head circumference are inferior in babies with trisomy 21 when 

compared with normal counterparts [19]. 

The antepartum detection of fetal aneuploidy is one of the major goals of prenatal 

diagnosis and today first-trimester combined test for chromosomopaties is included in 
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screening programs by healthcare service. It detects about 90% of fetuses with trisomy 

21 with a false-positive rate (FPR) of about 5% and is based on a calculated risk by the 

combination of many variables (maternal age, fetal NT and serum markers β-hCG and 

PAPP-A) [20]. This screening can be further improved by assessing additional 

ultrasound markers such as the nasal bone, Doppler flow in the ductus venosus and 

across the tricuspid valve [21-24]. The capabilities for screening and prenatal diagnosis 

of T21 have greatly improved, most recently with the implementation of noninvasive 

prenatal testing using cell-free fetal DNA [25]. However, for definitive diagnosis, 

karyotype analysis by amniocentesis or chorionic villus biopsy is needed.   

Despite recent advances in first-trimester screening methods, the second-trimester 

sonogram continues to be an important tool in the detection of fetal trisomy 21. Multiple 

sonographic markers have been reported to be associated with trisomy 21 including 

thickened nuchal fold, hyperechoic bowel, echogenic intracardiac foci, 

ventriculomegaly, shortened femur or humerus length, renal pyelectasis, and absent 

nasal bone [26-27]. The presence or absence of these markers both isolated and in 

combination, can be used to adjust a woman’s age-related risk so as first trimester 

screening risk of having a fetus with trisomy 21 [28]. The challenge is to distinguish the 

presence of these small alterations on the second-trimester ultrasound, between 

chromosomally abnormal and normal fetuses, considering that the latter may also 

present these markers at a rate of around 13% to 17%, which can be considered to be a 

high percentage of false positives [29]. The importance of this challenge is greater 

among pregnant women of advanced maternal age, when the relationship with Down 

syndrome becomes closer.  
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The role of the short FL in the antenatal diagnosis of Down's syndrome has been 

evaluated by many investigators. In 1987, Lockwood et al and Benacerraf et al were the 

first ones to show that short FL was associated with increased risk of trisomy 21 [3, 29]. 

In their studies this sign was identified in 50 to 68% of second-trimester fetuses with 

T21. Following studies also showed as this finding had a sensitivity of 40 to 50% and an 

FPR of 2.2 to 6.5% for detecting fetuses with Down syndrome [30-32]. However, the 

overwhelming majority of these data have been taken from high-risk patients (women 

>35 years old or women with abnormal serum biochemistry results). DRs for Down 

syndrome in sonographically screened low-risk populations have become available only 

recently [33,34] and controversy exists regarding the significance of sonographic 

markers, especially when isolated, for the detection of Down syndrome as well as the 

role of genetic sonography for further risk modification after first- or second-trimester 

combined or biochemical screening [35,36]. Vintzileos et al in 1995 summarized results 

of sixteen studies that used fetal femur measurement to detect T21 in second trimester. 

Although different methods were used to define the abnormal test, the average 

sensitivity was 31%. The range of sensitivities, however, was 13% to 70%. The average 

FPR was 5% [37]. A subsequent meta-analysis published in 2001 found a sensitivity of 

16% in the prediction of Down syndrome with a FPR of 4%, when present as isolated 

finding [38]. A recent analysis of soft marker published in 2013 reported a likelihood 

ratio of 3.72 [39]. Although of limited predictive value when isolated, short FL has a 

good sensitivity among soft markers. Another advantage is that femoral measurements 

are highly reproducible [40] whereas reproducibility of other soft markers remains to be 

proven.  
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Other biometric parameters were also evaluated, but the most significant changes were 

observed in the length of the extremities. Most investigations of humeral length (HL) in 

the detection of fetal trisomy 21 have shown superior performance of this marker 

compared to shortened FL [41]. Anyway HL measurement is a biometric parameter not 

required by national guidelines in screening program [6, 7].  

3.1.1 Other soft markers for aneuploidies  

"Soft markers" are distinct ultrasound findings by prenatal ultrasound which may be 

transient, having little or no pathological significance, but are thought to be more 

commonly found in fetuses with karyotypic abnormalities. Given this association, these 

markers are of interest as potential identifiers of these conditions. The appearance of a 

soft marker, either singly or in combination, can lead to further targeted ultrasound 

evaluation, as well as adjusted counseling regarding the fetal risk of trisomy 21. Thus, 

on the basis of a soft marker’s appearance, women may be confronted with further 

genetic counseling, and some will choose to undergo an invasive diagnostic procedure.  

3.1.1.1 Other soft markers for aneuploidies: choroid plexus cyst 

The choroid plexus is the region of the brain responsible for production of cerebrospinal 

fluid. A choroid plexus cyst (CPC) is a small fluid-filled structure within the choroid of 

the lateral ventricles of the fetal brain. Sonographically, it appears as echolucent cyst 

within the echogenic choroid. CPC may be single or multiple, unilateral or bilateral, and 

most often less than 1 cm in diameter. The prevalence is approximately 1% of fetuses in 

the second trimester [26]. It is a transient finding and usually disappears after 24 week 

of gestation. If there are no associated anomalies, CPC should be considered a normal 

variant. They have no known association with adverse clinical outcomes when the 

karyotype is normal, and they are not associated with fetal development or childhood 
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neurocognitive or behavior delays [42]. Studies that have investigated CPC in low-risk 

populations report an overall risk of an associated aneuploidy of approximately 1%. [43, 

44] The most commonly associated trisomy is trisomy 18. An isolated finding without 

an elevated a priori risk for fetal aneuploidy does not warrant additional testing [26].  

3.1.1.2 Other soft markers for aneuploidies: echogenic intracardiac focus 

An echogenic intracardiac focus (EIF) is diagnosed on the standard four-chamber view 

as a focus of echogenicity comparable to bone, in the region of the papillary muscle in 

fetal heart ventricles. This finding is most commonly seen in left ventricle (88%), 

although 5% are only in right ventricle and about 7% are bilateral. It is commonly found 

in healthy fetuses (prevalence 1-3%). An EIF is not considered a structural or functional 

anomaly, nor is associated with heart defects or poor clinical outcome [45, 46]. It has 

been associated with an increased risk of T21 with a likelihood ratio of 5.83 [39]. 

However if isolated, it does not alter the risk of Down syndrome. In the absence of 

associated anomalies, therefore, the execution of the karyotype is not indicated. [27] 

3.1.1.3 Other soft markers for aneuploidies: mild pyelectasis 

Pyelectasis is defined as a spherical or elliptic anechoic space in the renal pelvis that 

measures between 5 and 10 mm. The measurement is obtained with a cross section of 

the renal pelvis using the maximum antero-posterior diameter. Dimension inferior to 5 

mm should not be reported as pathological [26]. The fetal pyelectasis is a common 

ultrasound finding, identified in 0.5–5% of pregnancies. It can be unilateral or bilateral 

with a slightly higher incidence in male fetuses. The association with 

chromosomopathies was mainly found with Trisomy 21 (about 2%), especially in the 

presence of other risk factors (familiarity, maternal age> 35) and for a value superior to 

4 mm. In the absence of risk factors, the possibility of Down syndrome in the presence 
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of this ultrasound sign is low and would not justify the use of invasive procedures for 

the study of the fetal karyotype. In most cases, pyelectasis evolves favorably, 

disappearing before the end of pregnancy or at most within the first 30 days of delivery 

[47-49].  

 
3.1.1.4 Other soft markers for aneuploidies: single umbilical artery 

The normal umbilical artery contains two umbilical arteries and one umbilical vein.  

Single umbilical artery (SUA) is found in cases where there are only two vases in the 

umbilical cord, due to lack of an artery. It is the most common anomaly of the cord, 

with a rate of 0.2-1.9% in singleton and 4.9% in twin pregnancy. The most common 

etiology of the pathology is the primary artery agenesis. Atresia or secondary atrophy of 

an artery normally present in early stages of development seems less likely [50]. It is 

common practice to visualize funicular vessels early in the first trimester with Doppler 

color on either side of the bladder [7]. Diagnosis became easier from the 20th week. The 

association between SUA and fetal pathology and aneuploidies is increased when this 

sign is associated to other sonographic markers of anomalies. Isolated SUA has not 

been found to be significantly associated with chromosomopaties. Without an elevated a 

priori risk for aneuploidy and no concurrent sonographic abnormalities seen on 

ultrasound, invasive testing is not recommended. In some studies isolated SUA has been 

associated to other pregnancies complication, in particular IUGR. In these patients is 

useful a growth scan in third trimester.  
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3.1.1.5 Other soft markers for aneuploidies: echogenic bowel 

Echogenic fetal bowel is a sonographic finding, in which the fetal bowel appears to be 

brighter than normal. The intestine is defined hyperechoic when its echogenicity is 

equal to or greater than bone, after reducing to a minimum the gain. The echogenicity 

has been classified as either focal or multifocal [51]. Echogenic bowel is a subjective 

finding; in an effort to standardize and improve inter-observer accuracy, there are 

grading systems that attempt to improve classification of the echogenicity of fetal 

bowel. Nyberg et al proposed a classification in three degree 

(a) grade 1: mild hyperecogenicity of the intestine - comparable to that of the liver - 

which is not attributable to pathological significance; 

b) grade 2: the echogenicity of the intestine is superimposed on that of the bone; 

c) Grade 3: the echogenicity of the intestine is greater than that of the bone [52]. 

The prevalence of this sign ranges from 0.2 to 1.8% in second trimester ultrasound. It 

could be a normal variant, but in about 35% is associated with underlines pathologies: 

IUGR, cystic fibrosis, fetal infections (cytomegalovirus, herpes virus, parvovirus, 

rubella, varicella and toxoplasmosis), gastrointestinal anomalies; intramniotic bleeding; 

aneuploidies. The presence of echogenic bowel is associated with an increased risk for 

fetal aneuploidy, including trisomy 13, 18, 21, and the sex chromosomes [26]. A recent 

meta-analysis reports a likelihood ratio for this marker of 11.44 that decreased to 1.65 if 

present in isolated form [39].  

 

3.1.1.6 Other soft markers for aneuploidies: nuchal fold 

Unlike NT, whose ultrasound measurement occurs during the first trimester of 

pregnancy, the nuchal fold (NF) indicates the thickness of the soft tissue of the neck, 
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assessed in the second trimester. The value of NF increases with gestational age, so it 

would be correct to use a different cut-off for the various gestational ages; a 

measurement >6 mm is considered significant between 18 and 24 weeks while a 

measurement of 5 mm is considered significant at 16 to 18 weeks [26]. An increase in 

the NF is due to multiple causes: delayed abnormal development of the lymphatic 

system; heart pump abnormalities; neuromuscular abnormalities; metabolic disorders; 

anemia from congenital or acquired causes [26]. An abnormal or thickened NF is 

considered to be the most sensitive and specific marker for the detection of trisomy 21 

in the second trimester. The sensitivity has been reported to be 42–43%, with low false 

positive rates ranging between 0.1% and 1.3% [53]. The likelihood ratios (LR) is 

estimated to be around 23 [39].  In addition, even in the absence of aneuploidy, an 

increased NF remains a marker for Noonan syndrome and congenital heart defects [43, 

65].  The detection of an enlarged NF during second trimester ultrasound evaluation 

should prompt a thorough evaluation for other fetal anomalies, a fetal echocardiogram, 

as well as a review of prior genetic screening. The patient should be referred for genetic 

counseling, undergo a thorough risk assessment, and be offered invasive testing for 

aneuploidies. 

 

3.1.1.7 Other soft markers for aneuploidies: ventriculomegaly 

 

The cerebral ventriculomegaly, most commonly alteration found in the CNS, is defined 

when the width of the lateral ventricle atrium is more than 10 mm. Moderate 

ventriculomegaly is defined as a measurement between 10 and 15 mm. Above 15 mm. 

we talk about hydrocephaly. The range ranges from 10 to 12 mm is considered a gray 

area that includes many normal and some pathological fetuses and is defined as 
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borderline [26]. The outcome depends on progression over time. Most of the borderline 

ventriculomegaly generally regress after birth and does not require special care. 

Ventriculomegaly is usually an isolated finding; however, it may be associated with 

other CNS anomalies (microcephaly, Dandy-Walker complex, spina bifida, agenesis 

corpus callosus), infectious disease and aneuploidies. 1.4% of trisomy 21 fetuses in the 

second trimester have idiopathic ventriculomegaly [54]. The LR as isolated marker is 

around 3.8 for the risk of karyotype abnormality [39]. 

 

3.1.1.7 Other soft markers for aneuploidies: enlarged cisterna magna 

The cisterna magna contains cerebrospinal fluid and is located behind the cerebellum in 

the back of the brain. It communicates with the 4th ventricle through the foramen of 

Magendie and Luschka. The ultrasound evaluation of the cerebellum and cisterna 

magna is an integral part of screening between 16th and 20th week. Enlarged cisterna 

magna is defined by a size greater than 10 mm. An association with aneuploidies, 

particularly trisomy 18, has been described when this sign is present with other 

anomalies. In isolated form does not appear to raise the risk. Enlarged cisterna magna 

can be observed in association with other anatomical anomalies (arachnoid cysts, 

Dandy-Walker) and syndrome abnormalities (gold-facio-digital syndrome, DiGeorge 

syndrome, and Meckel-Gruber syndrome). If present in association with other 

anomalies the fetal karyotype should be proposed [26].  

 

3.1.1.8 Other soft markers for aneuploidies: nasal bone 

Nasal hypoplasia has been recognized as a feature of postnatal trisomy 21 [15]. This has 

led to prenatal evaluation of the nasal bone. During second trimester routine scan nasal 
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bone can be displayed in a mid-sagittal view of fetal face as an echogenic line distinct 

from the above skin. When present, the nasal bone length could be measured by placing 

the calipers in the out-to-out position; measurements can be compared with the normal 

range reported by Cicero et al. [54] and were considered to be hypoplastic when found 

to be less than 2.5 mm. On the basis of current evidence, the prevalence of nasal bone 

absence in trisomy 21 fetuses in the second trimester is 37% and 1% in euploid fetuses, 

resulting in positive likelihood ratios of 23.27 and 6.58 when present as isolated 

findings [39]. As such, it appears to be a strong marker for screening Down syndrome in 

second trimester. (Table b) 

 

 

 

 

 Trisomy 21 Trisomy 18 Trisomy 13 

 
Major anomalies Cardiac defects Cardiac defects Cardiac defects 

Duodenal atresia Spina bifida Central nervous system 
abnormalities 

Cystic hygroma Cerebellar dysgenesis Facial anomalies 
 Micrognathia Cleft lip/palate 
 Omphalocele Urogenital anomalies 
 Clenched hands/wrists Echogenic kidneys 
 Radial aplasia Omphalocele 
 Club feet Polydactyly 
 Cystic hygroma Rocker-bottom feet 

   
 
 
 

Cystic hygroma 

Minor Marker  Nuchal thickening Choroid plexus cysts EIF 
Hyperechoic bowel Brachycephaly IUGR 

EIF Shortened limbs Pyelectasis 
Shortened limbs IUGR Single umbilical artery 

Pyelectasis Single umbilical artery  
Mild ventriculomegaly   

Clinodactyly   

Sandal gap   

Widened pelvic angle   

Pericardial effusion   

Right-left heart 
disproportion 

  

    

Table b . Major and minor markers associated to aneuploidies  
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3.2 Short femur length and skeletal dysplasia  

Skeletal dysplasias represent a large, heterogeneous group of rare developmental 

disorders of chondro-osseous tissue that involve the formation and growth of the bone. 

The current “Nosology and Classification of Genetic Skeletal Disorders” includes more 

than 400 skeletal abnormalities divided in 42 groups [1]. Despite this considerable 

number, birth incidence is nearly 1/5000; stillbirths amount to 20 per 20.000 and each 

individual skeletal dysplasia is relative rare [2]. They represent a significant burden to 

many families because of potential lethality, short- and long-term medical 

complications. Although family history plays an important role in assessing risk of 

skeletal dysplasias, many of these disorders result from new dominant mutations and 

from autosomal recessive diseases, in the absence of any known parental risk factors 

[3]. Prenatal ultrasound (US) has an accuracy of 65–68% for diagnosis of a particular 

skeletal dysplasia [4, 5]. Many of the prenatal onset skeletal dysplasias are associated 

with lethality because of pulmonary insufficiency or concomitant visceral abnormalities 

[6]. In these cases prenatal accuracy could approach to 100% in fetal medicine 

specialized center thanks to knowledge of the appropriate diagnostic criteria. Currently, 

the gold standard for diagnosis of a skeletal dysplasia includes a combination of 

antenatal ultrasound (US), postnatal radiologic features, pathology and cytogenetic 

evaluation. Suspicion of a fetal skeletal dysplasia is usually prompted by identification 

of long-bone shortening on sonography [7]. The fetal skeleton is easily visualized by 

two-dimensional ultrasound early in gestation. Of note, the long bones, vertebrae and 

calvarium begin ossifying by 12 weeks. Measurement of fetal femur is considered part 

of any basic ultrasound evaluation. Any fetus showing femora or humeri length 

measurements less than 5th centile or 2 SD from the mean in the second trimester 
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should be evaluated in a center that has expertise in evaluating the entire fetal skeleton 

and has the ability to provide genetic counseling. The following fetal ultrasound 

measurements should be visualized and plotted against normative values: fetal cranium 

(biparietal diameter and head circumference), facial profile, mandible, clavicle, scapula, 

chest circumference, vertebral bodies, all fetal long bones, and the hands and feet.  

Comparison of the relative length of all the long bones and against normative values 

will determine whether there is primarily rhizomelia, mesomelia, or that both segments 

are involved. Although there is severe shortening of all limbs in the majority of skeletal 

dysplasias, the foot length is relatively normal. In addition to measurement of the 

length, the long bones should be evaluated regarding changes in shape, mineralization, 

bowing, angulation, and metaphyseal flare. If isolated short femurs are found bilaterally, 

one should initially consider more common etiologic factors, including inaccurate 

gestational dating, ethnic variation, soft markers for aneuploidies, or fetal growth 

restriction. Diagnosis of skeletal Dysplasia is more probable in the subsequent 

condition: 

• marked and early shortening of the long bones (< -3DS)  

• disproportionate between long bone measurement and fetal abdominal and 

calvarial growth, especially if the head circumference is greater than the 75th 

centile 

• not proportioned femur to foot ratio (which approaches 1.0 throughout gestation) 

• pattern of growth in lethal dysplasias continues to decelerate throughout fetal 

life 
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3.3 Short femur length and intrauterine growth restriction  

Recent studies have shown an association between short isolated femur, that is a short 

FL not associated with aneuploidy or skeletal dysplasia, and intrauterine growth delay 

[1-4].  

IUGR complicates about 5-10% of pregnancies and is associated with poor perinatal 

outcome [5]. It refers to a condition in which a fetus is unable to achieve its genetically 

determined potential size, because of a pathologic process. The most widely used 

definition of IUGR is an estimated fetal weight less than the 10th percentile for 

gestational age [6]. This definition include also SGA fetuses that are not pathologically 

small but at the lower end of normal range [6, 7].  

Two different types of intrauterine growth delay could be identified: 

- asymmetrical (or late flattening), characterized by a rapid decline in growth during the 

third trimester. It is usually manifested after the 26th week, it gets worse proceeding in 

gestation and is caused by placental insufficiency secondary to maternal diseases such 

as hypertension, diabetes, thrombophilia and thalassemia. In the case of asymmetric 

IUGR, an increase in the resistance index and a decrease in flow velocity in 

splanchnical and muscular districts are observed in favor of flux redistribution for 

encephalic, cardiac and adrenal districts.  

- Symmetric (or low profile), defined by a growth rate constantly below the normal 

range. It is associated with congenital diseases or infections contracted early in 

pregnancy. It can also be of family or constitutional origin. IUGR is defined as "severe" 

when its biometric determination is <3 percentile and "mild" when it is between 3 ≤ and 

≤ 10 percentile [8]. 
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In placental defects, resulting in placental insufficiency, highly oxygenated fetal blood 

from abnormal placenta is mainly directed towards vital organs such as the heart and 

nervous system at the expense of the extremities [4]; uteroplacental insufficiency is 

firstly indicated by a reduced fetal urine production and oligohydramnios due to fetal 

blood flow redistribution followed by an asymmetrical growth restriction. In case of 

asymmetrical IUGR the abdominal circumference is usually the first parameter to 

decrease due to diminished glycogen storage in the fetal liver [9]. However, a few 

recent studies indicate that a short femur is an early marker of IUGR caused by an 

impaired placental function [1-4]. Dysfunctional placenta seems to produce altered 

levels of growth factors involved in normal fetal skeletal development [9]. Todros et al. 

argued that the short femur was due to an altered secretion of the type 2 fibroblast 

growth factor by the abnormal placenta [2]. Cases of isolated short FL were associated 

with significantly lower levels of PAPPA, but similar β-hCG, inhibin-A, and alpha-

fetoprotein (AFP) level when compared to fetuses with normal FL [10]. According to 

some studies in the literature, the short isolated femur allows to identify 66% fetuses 

with IUGR and SGA with a specificity of 67% [11]. The short isolated femur is 

therefore an early marker of placental dysfunction. It is associated with an increased risk 

of subsequent development of IUGR, but also an increase in the risk of preterm delivery 

and adverse pregnancy outcome [3,4]. Maternal evaluation regarding blood pressure 

monitoring, follow-up for development of preeclampsia, ultrasonographic evaluation of 

the placenta, and Doppler analysis should be offered in this situation.  
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AIM OF THE STUDY 

Fetal short femur is defined by a FL below the 5th percentile or -2 DS for the 

gestational age. The finding of a short femur often represents a diagnostic dilemma for 

the clinical geneticist and the expert in fetal medicine for the various differential 

diagnosis. Such finding may be associated with congenital anomalies such as skeletal 

dysplasia, aneuploidies or genetic pathologies. In the isolated form, it may be an early 

sign of placental insufficiency and growth delay, or a normal variant in constitutionally 

small fetuses [1, 2].  

Clinical experience leads us to find this ultrasound sign at all stages of pregnancy, often 

with difficulties in counseling the couple about the prognosis, especially when present 

in an isolated form. Despite the arising scientific literature on the subject, there are 

currently no studies comparing perinatal outcome of the short fetal femoral diagnosed 

during different gestational ages.  

The aim of this study was: 

 to assess the prevalence of short FL in a cohort of pregnant women referred to a 

specialized Centre for Prenatal Diagnosis for screening or second level 

ultrasound examination.  

 To examine natural history and postnatal outcome of pregnancies complicated 

by a short femur length;  

 to compare outcomes in pregnancies with an early diagnosis of short FL (< 24 

weeks of gestation) with pregnancies where this sign arises later in gestation (> 

25 weeks of gestation).   

 to analyse outcome differences in isolated and non-isolated form.  

A secondary aim of our research was a proposal of a diagnostic algorithm as a tool to 
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guide clinicians in the management and counselling of pregnancy with isolated and not 

isolated short femur length. For this purpose a revision of current literature data on the 

argument was carried out. We reviewed the literature and used meta-analytic technique 

to estimate accuracy of this marker in the prediction of Down Syndrome, IUGR and 

skeletal dysplasia. Correlation with poor perinatal outcome was also evaluated.   

 

METHODS 

 

This was a longitudinal prospective cohort study of all cases of short FL, diagnosed 

from January 2012 until July 2017, in Prenatal Diagnosis Centre, Policlinico Umberto I 

Hospital, ‘Sapienza’ University of Rome. This is a referral centre for high risk 

pregnancies where fetuses with a diagnosis or a suspicion of fetal anomaly are referred 

for further detailed assessment. All patients undergo a thorough biometric and anatomic 

evaluation by certified obstetric sonographers, and all images are evaluated by 

maternal–fetal medicine specialists. For all gestations seen in this center, pregnancy is 

dated by Last Menstrual Period. In cases in which the gestational age is discordant with 

the first-trimester CRL by more than seven days, the gestational age is based on CRL 

measurement. For patients who do not have a first-trimester ultrasound performed, 

menstrual dating is used as a reference if it is consistent with the acquired biometry. If a 

biometric discrepancy emerges, a combination of single parameters, BPD, Head 

Circumference (HC), abdominal circumference (AC), and FL, is used to determine 

gestational age, rather than a single parameter [3]. Every biometric evaluation is realised 

according to the standards set within the national and international guidelines [3, 4].  

All singleton pregnancies with a diagnosis of fetal femur < 5 centile were enrolled in the 

study. For every patient a detailed anamnesis was performed. Pregnancy documentation 

on previous ultrasound scans and prenatal diagnosis exams were consulted and 
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information of note reported in medical register. Subsequently an ultrasound 

examination was performed to confirm the FL measurement and to examine for further 

fetal structural abnormalities. All ultrasound examinations were performed with a 

Voluson 730 Expert GE and Samsung Elite WS80A ultrasound machine. Gestational 

age-specific biometry values were determined by standards derived by Hadlock [5] and 

recorded in View Point software. If a FL below < 5th percentile was confirmed, a 

complete evaluation of fetal bone biometry (including measurements of humerus, 

mesomelic bones, feet and thorax circumference) was performed. A complete Doppler 

evaluation was offered to these patients which includes:  

- registration of pulsatility index in umbilical artery and in middle cerebral artery; 

- registration of pulsatility index and resistance index in both uterine arteries. 

Serial Doppler studies and growth evaluation were performed every two week.  

A genetic counseling was proposed to all couple both in presence of additional fetal 

anomalies than in isolated cases of short FL. Karyotype analysis was offered whenever 

a malformation was detected. The possibility of an invasive procedure for fetal 

sampling and genetic analysis was discussed in case with isolated short FL.  A search in 

our database was performed to identify all cases of short FL diagnosed in our institution 

during the study period. For selected cases we collected general information (age, race, 

family history, obstetrical history, anthropometric data of the couple) and data on 

obstetrics outcome (pregnancy complications, mode of birth, age at delivery, Birth 

Weight (BW) and Length, one and five-min Apgar score, Neonatal Intensive Care Unit 

(NICU) admissions, need for further investigation (including amniocentesis, fetal 

magnetic resonance, fetal echocardiography and genetic counseling). Information were 

extracted from the department's database or obtained from questionnaire, telephonic 
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contact with the patients, or referring provider if necessary. Patients with incomplete 

information were excluded from the study. Twin pregnancies were not considered in this 

data analysis.   

All enrolled patients were divided into two groups: patients with diagnosis of FL < 

5th percentile at 14-24 weeks (group A) and at 25-40 weeks (group B). The differences 

in pregnancy complications and outcomes between the two groups were analysed. 

For the study the subsequent definitions were used: 

- Isolated short femur: bilateral and symmetrical FL< 5 percentile in absence of 

associated fetal abnormalities.  

- Not isolated short femur:  FL < 5 percentile for gestational age in association to an 

increased NT above 3 mm at 11 to 13 + 6 weeks scan, or in presence of fetal 

abnormalities. 

- IUGR: fetal weight < 5th percentile in association to abnormalities in fetal Doppler 

parameters.  

- SGA: fetal weight < 10th percentile in absence to abnormalities in fetal Doppler 

parameters. 

- LBW: birth weight < 2500 g. 

For the secondary aim of our study we extract relevant citation from PubMed, 

EMBASE, and Medline to identify English language published articles that describe the 

correlation between: 

a) fetal femur and down syndrome 

b) short FL and Skeletal Dysplasia; 

c) short fetal femur and IUGR/SGA.  
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Preliminary keywords and MeSh terms were combined to generate lists of studies: 

“Fetal femur and Down Syndrome”, “Fetal femur and Skeletal Dysplasia”, “Short fetal 

femur and IUGR/SGA”. No restriction about date of publication was posed for our 

research.   

a) Fetal femur and Down syndrome: Inclusion criteria for study selection were: 

singleton pregnancy; minimum and maximum gestational age at examination 

between 14 and 37 weeks. Studies on second-trimester sonographic markers 

were eligible if first, they included and described FL in both euploid and trisomy 

21 fetuses, second, the fetal karyotype was unknown at the time of sonographic 

examination (to avoid overt diagnosis bias) and third, chromosomal status of the 

fetuses was confirmed by either karyotype (the gold standard) or postnatal 

clinical examination. Data in the euploid group were stratified for pregnancies at 

high or low risk. Women at high risk were defined as women who underwent 

amniocentesis for advanced maternal age, positive first or second-trimester 

maternal serum screen for a chromosomal anomaly, the detection of a major 

congenital anomaly, sonographic markers of fetal aneuploidy or a positive 

family history of a previous pregnancy affected by a chromosomal abnormality.  

b) Short femur length and Skeletal Dysplasia: Inclusion criteria for study selection 

were: singleton pregnancy, minimum and maximum gestational age at 

examination  between 14 and 37 weeks. Studies were eligible if first, they 

included and described FL in Skeletal Dysplasia, second, the fetal anomaly was 

unknown at the time of sonographic examination (so as to avoid overt diagnosis 

bias) and third, the diagnosis was confirmed by either genetic test (the gold 

standard) or postnatal clinical examination.  
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c) short femur length and IUGR/SGA: inclusion criteria for study selection were: 

singleton pregnancy, minimum and maximum gestational age at examination  

between 18 and 24 weeks. Studies were eligible if first, they included and 

described association between short FL and IUGR/SGA. Studies reporting 

pregnancy and perinatal outcomes in term of hypertensive disorder, intrauterine 

death, preterm birth, Apgar Score at 5 minutes inferior 7, low birth weight, 

NICU admission.  

Prospective and retrospective cohort studies were considered eligible for inclusion if the 

above criteria were met. Personal communications, letters, case-reports and non-English 

language publications were also excluded. Two authors independently reviewed articles 

and abstracted data. Discordance was resolved with consensus.   

Exclusion criteria were: omitting at least one inclusion criterion, and data reported in 

graph or percentage form rather than proportional rates. Quality and integrity of this 

review were validated with PRISMA: preferred reporting items for systematic reviews 

and meta-analyses [6]  

 

Statistical analysis 

Variables measured in interval scales were described as the mean plus or minus the 

standard deviation (SD). Data points, collected for this study, were analyzed using the 

Fisher test and Chi-square  test to compare proportions, as appropriate Statistical 

significance was set at p values lower than 0.05. All P values presented were two sided, 

and associations were considered significant if the P value was \ 0.05. SPSS statistical 

software (IBM, Ar- monk, NY) was used. 
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A meta-analysis was performed to provide performance of short femur length, as 

sonographic marker to identify Down syndrome skeletal dysplasia and IUGR/SGA 

fetuses. We assessed the overall diagnostic performance by weighted independent 

estimation of detection rate (sensitivity), false-positive rate (1−specificity) and odds 

Ratio. We used both fixed and random effects models to estimate weighted detection 

rate, false-positive rate and odds ratio across studies. The fixed-effects model weighs 

each study by the inverse of its variance. Random effects incorporate both within-study 

and between-study variation. Random effects tend to provide wider CIs and are 

generally preferable, especially in the presence of between-study heterogeneity. 

Heterogeneity between studies was analyzed using both Higgins’ I2 and Q-test and was 

considered to be high if I2 was over 0.5051. To explore the potential effect of different 

study populations on heterogeneity we performed such analysis for the whole dataset 

and in the subgroups of studies classified as high risk and screening for Down 

syndrome. The statistical software package SPSS 20.0 (SPSS Inc., Chicago, IL, USA) 

and Meta-Analyst (Tufts Medical Center, Boston, MA, USA) were used for data 

analysis. 

 

RESULTS 

During the study period 5140 women were referred for ultrasound scan in our centre. A 

short FL was identified in 260 cases (5%). Of these 67% (200/260) were single and 

23% were (60/260) multiple pregnancies. Multiple pregnancies did not meet the 

inclusion criteria for the study. 53 singleton were also excluded due to insufficient data 

on pregnancy and neonatal outcome. 147 cases remained for the analysis. Mean 

maternal age was 33 years (range 17-47) and 36 % were over 35 years old (53/147). 



48 

 

More than half of patient were nulliparous (87/147, 59.1%), 30,6% secondiparous, and 

only 15/147 patients (10,2%) have already more than two pregnancies. Women were 

more likely to be Caucasian (White, 94%; Black, 1.4%; Asian 4.6%). Patients' 

demographic characteristics were similar to normal population in terms of maternal 

weight, height and body mass index. Thirty patients were smoker (20%). Gestational 

hypertensive disease recurred in about 13% of patients, a prevalence similar to general 

population [7]. Mean gestational age at the diagnosis of a short FL was 26 (range 14-

37).  Demographic characteristics of the study population were reassumed in table 1.  

In 61 (41,49%) cases short femur was associated to other fetal anomalies: 21/61 (34%) 

had chromosomal abnormalities, 16/61 (26,2%) presented a skeletal dysplasia, in 24/61 

(39,3%) fetuses other structural malformations were diagnosed. The skeletal dysplasia 

consisted of 4 cases of achondroplasia, 2 cases of osteochondrodysplasia, 2 cases of 

PFFD (proximal focal femur dysplasia), 2 cases of osteogenesis imperfecta. 6 fetuses 

had an unclassified skeletal dysplasia. Prenatal karyotyping revealed 10 cases with 

trisomy 21, 6 with trisomy 18/13 and 5 with other aneuploidies. In 86/147 fetuses 

(58,5%) short fetal FL was classified as isolated. Firstly patients were divided in two 

groups according to gestational age at the diagnosis: Group A include patients with an 

early diagnosis of short FL (14-24 weeks of gestation) and Group B patients in which 

this sign appeared later in gestation (25-37 weeks of gestation). Group A consisted in 66 

cases (44,9%) and group B in 81 cases (55,1%). Fetal and perinatal outcomes were 

compared in the two groups. Abnormal fetal karyotype (27,3% vs 3.7% p: 0.02) and 

skeletal dysplasia (19,7% vs 3.7% p: 0.002)  were more frequent in group A. Cases of 

multiple abnormalities was diagnosed in 9 cases in group A and in 6 cases in group B 

with a difference not statistically significant (13.6% vs 7.4% p < 0.193). Diagnosis of 
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isolated short femur was more common in group B (79% vs 33,4%, p: 0.000). In group 

B diagnosis of IUGR was made in 44.4% vs 19.7% of group A (p:0.002). The SGA 

prevalence had a difference statistically significant between the two groups (7.6% vs 

24.7% p:0.007) (Table 2). In group A we found a poor outcome of pregnancies with an 

high rate of abortion and fetal demise compared with group B but this difference was 

not statistically significance (12,1% vs 1,2% p 0.011). The percentage of live birth was 

significant lower than group B (34.8% vs 97,6%). 35 patients (53.1%) opted for 

interruption of pregnancy for therapeutic reasons in this group due to fetal anomalies 

(Table 3).  

In a second step analysis new two groups were created in our population to compare 

outcome on the basis of presence of short femur as isolated or not isolate finding (Group 

1: Isolated - Group 2 not isolated). Abnormal fetal karyotype and (24,6% vs 7,0% p: 

0.004), skeletal dysplasia (24,6% vs 1.2% p: 0.004) were more frequent in non isolated 

group. Diagnosis of IUGR and SGA was more common in isolated group (47,7% vs 

13,1%, p: 0.000, 25,6% vs 4,9% p 0.001) (table 4). The percentage of live birth was 

significant lower in not isolated group (45.9% vs 86% p 0.00). 29 (48%) patients opted 

for TOP in this group due to fetal anomalies. Not statistically difference were noted in 

terms of fetal demise and abortion (table 5).  

In our population we registered 102 live born fetuses (69,38%), 36 (24,48%) TOP and 9 

fetal demise (6,12%). The percentage of preterm birth was higher than general 

population (40,19%). The rate of caesarean section was higher (70/102- 68,62%) than 

vaginal delivery (32/102- 31,37%). Perinatal outcome in our population is reassumed in 

table 6. No difference in terms of perinatal outcome were found both in group A and B 

than in isolated and not Isolated cases. (Table 6 a,b).  



50 

 

A higher incidence of neonatal complication, postnatal surgery and neonatal death were 

notice in not isolated group compared to isolated (57,69% vs17.45% p 0.019; 27,92% vs 

4,2% p:0.003). (Table 7 a,b) 

 

Table 1. Demographic characteristics of the study population 

 

 

Continuous data are presented as median 
Abbreviation : GA (gestational age), IUGR (Intrauterine Growth Restriction), SGA ( Small for Gestational Age) 
  

 

Variable Median (IQR) or n (%) 

Maternal age  33  (17-43) 

Maternal age Over 35  53 (36%) 

Race:  

• White    

• Black  

• East Asian  

• South Asian   

 

139 (94,0) 

2     (1,4) 

1     (0,6) 

4     (4,0) 

Parity 

• nulliparous  

• secondiparous 

• multiparous 

 

87 (59,18) 

45 (30,61) 

15 (10,21) 

Maternal pre-pregnancy weight  61,50  +/-13,445 DS (42-115) 

Maternal height  163,19 +/-6,299 DS (147-177) 

Paternal  height  174,917 +/-16,617  (70-198) 

Paternal  weight  81.13 +/-14,704  (55-175) 

Maternal tabacco use  30 

Pregnancy hypertension disease  19 

GA diagnosis of femur length  

• 14-24 

• 25-37 

 

66 

81 

Normal Karyotype 

Abnormal Karyotype 

Skeletal Dysplasia 

Other Fetal anomalies 

IUGR 

SGA 

126 (85,7%) 

21(14,3%) 

16 (16,3%) 

24 (10,2%) 

49 (33,3%) 

25 (17,0%) 
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Table 2. Outcome of pregnancy - Group A and B 

 

Abbreviation : GA (gestational age), IUGR (Intrauterine Growth Restriction), SGA ( Small for 

Gestational Age)  

 

 

Table 3. Final Outcome of pregnancy - Group A and B 

 

Abbreviation : GA (gestational age), TOP (therapeutic termination of pregnancy ).  

 

 

 

 

 

 

 

 

Outcome of pregnancy FL<5th diagnosed at 14-24 

GA 

(n=66) 

n (%) 

FL<5th diagnosed at  25-37 

GA 

(n=81) 

n (%) 

p 

value
*a

 

Isolated short femur 22/66 (33,4%)  64/81(79,0%) 0.000 

Non isolated short femur 40/66(60,6%) 12/81(14,8%) 0.000 

IUGR 13/66 (19,7%) 36/81(44,4%) 0.002 

SGA 5/66 (7,6%) 20/81 (24,7%) 0.007 

Multiple abnormalities 9/66(13,6%) 6/81(7,4%) 0,276 

Skeletal abnormalities 13/66(19,7%)  3/81(3,7%) (%) 0,003 

Abnormal  fetal 

karyotype 

18/66(27,3%)  3/81(3,7%) 0.000 

Unexplained Short femur 2/66(3,0%) 10/81(12,3%) 0,041 

Other  6/66 (9.1%) 3/81 (3,7%) 0,3 

Final Outcome of pregnancy FL<5th diagnosed at 14-24GA 

(n=66) 

n (%) 

FL<5th diagnosed at  25-37GA 

(n=81) 

n (%) 

p 

value
*a

 

Abortion/intrauterine demise 8 (12,1%)  1 (1,2%) 0.011 

TOP 35 (53,1%) 1 (1,2%) 0.000 

Born Alive 23 (34,8%) 79 (97,6%) 0.000 
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Table 4. Outcome of pregnancy. Group 1 and 2 

 

Abbreviation : GA (gestational age), IUGR (Intrauterine Growth Restriction), SGA ( Small for 

Gestational Age)  

 

Table 5. Final Outcome of pregnancy. Group 1 and 2 

 

Abbreviation : GA (gestational age), TOP (therapeutic termination of pregnancy ). 

 

 

 

 

 

 

 

 

 

 

 

Outcome of pregnancy FL<5th isolated 

(n=86) 

n (%) 

FL<5th not isolated 

(n=61) 

n (%) 

p value
*a

 

IUGR 41/86 (47,7%)  8/61(13,1%) 0.000 

SGA 22/86(25,6%) 3/61(4,9%) 0.001 

Skeletal abnormalities 1/86(1,2%) 15/61(24,6%) 0.000 

Aneuploidies 6/86(7,0%) 15/61(24,6) 0.004 

Fetal malformations 1/86(1,2%) 15/61(24,6) 0.004 

Unexplained Short femur 10/86(11,6%) 2/61(3,3%) 0.123 

Other  6/86(7,0%) 3/61(4,9%) 0,736 

Final Outcome of pregnancy FL<5th isolated (n=86) 

n (%) 

FL<5th not isolated (n=61) 

n (%) 

 

p 

value
*a

 

Abortion/intrauterine demise 6 (6,9%)  3(4,9%) 0.737 
TOP 7(8,1%) 29(4,7%) 0.000 
Born Alive 74(86%) 28(45,9%) 0.000 
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Table 6. Perinatal Outcomes  

Variable  Median (IQR) or n (%) 
Birth weight in grams 2185 (450 -3700) 
Birth height in cm 44,6 (29-51) 
Gestational age at delivery 36 (23-41) 
Preterm birth 41/102 (40,19) 

Preterm birth ≤28 5 (4.90) 
Preterm birth 29-34 18 (17,64) 
Preterm birth 35-37 27 (26,4) 
Abortion or fetal demise 9/147 (6,12) 
TOP 36/147 (24,48) 

Mode of delivery, n (%)  
Vaginal delivery 32/102 (31,37) 
Scheduled cesarean section 28/102 (27,45) 
Emergency cesarean section 42/102 (41,17) 

 

Table 6a. Perinatal Outcomes Group A and B  

Perinatal Outcomes FL<5th diagnosed at 14-

24w 

FL<5th diagnosed at  25-37w P 

Birth weight in grams 2119 2204 0,46 

Birth height in cm 45 44 0,36 

Gestational age at delivery 35 36 0,33 

Preterm birth    

Preterm birth ≤28 2(8,7%) 3 (3.8%) 0.818 

Preterm birth 29-34 4 (17,4%) 14 (17.7%) 

Preterm birth 35-37 6 (26,1%) 21 (26.6%) 

Mode of delivery, n (%)    

Vaginal delivery 10/23(43,47%) 22/79 (27,84%) 0.362 

Scheduled cesarean section 5/23(21,17%) 23/79 (29,11%) 

Emergency cesarean section 8/23 (34,78%) 34/79 (43.03%) 
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Table 6b. Perinatal Outcomes Group 1 and 2  

Perinatal Outcomes FL<5th isolated FL<5th not isolated  P 

Birth weight in grams 2202 2139 0.720 

Birth height in cm 44,41 45,46 0.365 

Gestational age at delivery 36.55 35.54 0.181 

Preterm birth    

Preterm birth ≤28 2(2.7%) 3 (10.7%) 0.285 

Preterm birth 29-

34 

13 (17,6%) 5 (17.9%) 

Preterm birth 35-

37 

22 (29.7%) 5 (17,9%) 

Mode of delivery, n (%)    

Vaginal delivery 26 6 0,1394 

Scheduled cesarean section 17 11 

Emergency cesarean 

section 

33 9 

 

Table 7a. Neonatal complication Group 1 and 2  

Variable  FL<5th isolated FL<5th not isolated  P 

5 minute Apgar Score < 7  0/71 (0%) 2/26 (7,7%) 0.069 

NICU Admission 31/71(43,7%) 16/24 (66.7%) 0.062 

Other complication  25/71 (35%) 15/26 (57,69%) 0.019 

Surgery 3/71 (4,2%) 7/26 (26,92) 0.003 

 

Table 7b. Neonatal complication Group 1 and 2  

Neonatal complication FL<5th diagnosed at 14-24 

GA 

FL<5th diagnosed at  25-37 

GA 

P 

5 minute Apgar Score < 7  1/20 (5%) 1/75 (13%) 0.387 

NICU Admission 8/20 (40%) 39/75 (52%) 0,452 

Other complication  8/20 (40%) 32/75 (43%) 1,0 

Surgery 3/20 (15%) 7/75(9.6%) 0,444 

 

 FL<5th diagnosed at 14-24 

GA 
FL<5th diagnosed at  25-37 GA P 

Neonatal Death 2/22 (9%) 7/80 (8,75%) 1 
 FL<5th isolated FL<5th not isolated   

Neonatal Death 2/76 (2,6%)  7/26 (26,92%) 0.003 
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Meta-analysis 

Fetal femur and Down Syndrome 

Our preliminary literature search identified 110 publications. We selected 31 potentially 

eligible studies [8-38]. Of these 3 studies were excluded: 1 for unclear data reported, 

another because the study was conducted on necroscopic samples, the latter because the 

population include only twin pregnancies. We found nine additional studies that elude 

first step research but met the review inclusion criteria [39-47]. In total we included 37 

qualifying studies in our analysis (Figure A).  

 

 

 

Figure A. Flow chart depicts the search strategy we used to select study for meta-analysis on fetal femur 
and Down Syndrome 
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In these studies 1326 cases of Down Syndrome (study group) and 188935 euploid 

controls group were described. The overall prevalence of Down syndrome was 0.7% 

(compared with 0.1% in general population) [48].  

We analyzed 17 case-control studies, 3 cohort study, 1 multicenter study, 10 prospective 

and 6 retrospective. Short femur was more frequent in prospective studies 4050/32742 

(12,37%) compared to case-control studies 841/9318 (9,03%) and retrospective studies 

2947/151037 (1,95%). 

Table 8 shows characteristics of the included articles. 

Overall Down syndrome fetuses were pooled , of which 375 cases presents short fetal 

femur. In control group (euploid fetus) this sign was present in 5809 fetuses. 

The detection rate (DR) and the FPR, for the ability of short FL to detect cases of Down 

syndrome, was reported for each study.  

Meta-analysis showed a higher incidence of short FL in the study group (375/1326 

28,2%) compared with the control group (5809/188935, 3.07%) with an OR 5.12 (95% 

CI, 4.47-5.87). The results showed moderate heterogeneity (value 74%). (Figure B). 

Data were subsequently stratified in two groups: studies including analysis in high-risk 

pregnancy (29/37 - 78%) and low-risk pregnancy (8/37 - 22%). OR for high- risk 

pregnancy was 6.01 (5.13 - 7.04) versus 4.09 (95% CI, 3.01 - 5.55) of low risk 

population with a difference statistically significant between the two groups (Chi-

square: 16.7766; p 0.000042, result significant at p< 0.05). (Figure C, D) 
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Table 8. Description of included studies 

Study Year Design Population n/N(DR) n/N(FPR) 

Lockwood 1987 case-control High-risk  32/55 35/544 

LaFollette 1989 retrospective study Low-risk 4/30 27/229 

Dicke 1989 Prospective Low-
risk/high-
risk 

5/33 18/177 

Hill 1989 case-control  Low-risk 4/22 6/286 

Cuckle 1989 case-control low-risk 20/83 84/1360 

Benacerraf 1989 case-control High-risk  7/20 28/709 

Brumfield 1989 case-control High-risk  6/15 1/45 

Marquette  1990 cohort study  High-risk  3/31 14/155 

Nyberg  1990 case-control High-risk  7/49 35/572 

Shah 1990 case-control Low-
risk/high-
risk 

3/17 1/17 

Ginsberg 1990 case-control High-risk  5/11 14/212 

Grist 1990 Prospective High-risk  3/6 25/428 

Rodis  1991 retrospective study High-risk  2/11 95/1890 

Benacerraf 1991 case-control High-risk  10/24 40/400 

benacerraf 1992 case-control High-risk  23/32 63/588 

Lockwood 1993 cohort study  High-risk  6/42 163/4949 

Nyberg  1993 case-control High-risk  11/45 44/942 

Campbell 1994 Prospective High-risk  3/6 20/264 

Benacerraf 1994 case-control High-risk  20/45 4/106 

Biagiotti 1994 case-control High-risk  13/27 60/500 

Nyberg  1995 Prospective High-risk  5/18 14/232 

Johnson 1995 case-control High-risk  15/36 127/794 

Grandjean  1995 prospective High-risk  15/34 495/2763 

Vintzileos 1996 Prospective High-risk  5/22 50/493 

Bromley 1997 case-control High-risk  25/53 14/177 

Nyberg  1998 case-control High-risk  30/142 43/930 

Verdin 1998 case-control High-risk  6/11 5/449 

Sohl 1999 Prospective High-risk  9/55 42/2639 

Wax 2000 prospective High-risk  3/7 2/772 

Viora 2001 prospective High-risk  10/33 213/2069 

Bahado-
Singh 

2002 Prospective High-risk  30/108 503/5619 

Weisz 2007 retrospective study low-risk 1/12 111/2320 

Vergani  2008 cohort study  High-risk  4/24 145/1110 

Bottalico 2009 retrospective study High-risk  2/12 7/628 

Aagaard-
Tillery 

2009 multicentric-study low-risk 16/56 514/7761 

Rumi 
Kataguri 

2014 retrospective study High-risk  1/31 2/858 

Mathisien 2014 retrospective study  Low -risk  11/68 2695/144948 

 

 



 

 

 

 

 

Figure B.  Meta-analysis : performance of short femur lenght in screening for 
All studies Cases (Down Syndrome Fetuses) 

Figure C. Meta-analysis Performance of short femur length in screening for trisomy 21
population. Cases (Down Syndrome Fetuses) 

erformance of short femur lenght in screening for trisomy 21
ases (Down Syndrome Fetuses) - Controls (Euploid fetuses).   

Performance of short femur length in screening for trisomy 21
ases (Down Syndrome Fetuses) - Controls (Euploid fetuses).   
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trisomy 21. 

Performance of short femur length in screening for trisomy 21 in High-Risk 



 

 

 

Short femur length and Skeletal Dysplasia 

Our preliminary literature search identified 

because they didn't meet inclusion criteria. In particular many studies were short reports 

or review. We selected 5 potentia

study that elude first step research 

conducted because of the heterogeneity of the studies. Studies selected did not show 

uniformity and data was not similar enough to combine for statistic meta

analysis.  

Figure D. Meta-analysis : Performance of short femur lenght in screening for trisomy 21
Population. Cases (Down Syndrome Fetuses) 

Skeletal Dysplasia  

Our preliminary literature search identified 41 publications. 35 studies were excluded 

because they didn't meet inclusion criteria. In particular many studies were short reports 

potentially eligible studies [49-53]. We found one ad

that elude first step research [54] (Figure E). A meta-analysis could not be 

conducted because of the heterogeneity of the studies. Studies selected did not show 

uniformity and data was not similar enough to combine for statistic meta

Performance of short femur lenght in screening for trisomy 21
ases (Down Syndrome Fetuses) - Controls (Euploid fetuses).   
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41 publications. 35 studies were excluded 

because they didn't meet inclusion criteria. In particular many studies were short reports 

53]. We found one additional 

analysis could not be 

conducted because of the heterogeneity of the studies. Studies selected did not show 

uniformity and data was not similar enough to combine for statistic meta-analytic 

 

 

 

 

 

 

 

 

 

Performance of short femur lenght in screening for trisomy 21 in Low-Risk 

Figure E. Flow chart 
depicts the search 
strategy we used to 
select study for review 
on short fetal femur and 
Skeletal Dysplasia   
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In particular: 

• Morales-Rosellò et [49] al did not find any case of skeletal dysplasia in their 

population of isolated short femur in mid-trimester ultrasound; 

• Papageorghiou et al [50] found 35% (16/46) of Skeletal dysplasia in their 

population of non isolated short femur (Asphyxiating thoracic dystrophy 3, 

Osteogenesis imperfecta 2, Thanatophoric dwarfism 2 , Campomelic dysplasia 2 

, Unspecified skeletal dysplasia 2, Caffey disease 1, Diastrophic dysplasia 1, 

Fibrochondrogenesis 1, Isolated absent right fibula and short tibia 1 and 

Asymmetrical focal femoral hypoplasia 1). 

• Chitty et al [51] analyzed a population of 26 fetuses with achondroplasia and 

found that FL was usually below the 3rd centile by 25 weeks’ gestation, and 

always below the 3rd by 30 weeks. 

• Arahori et al [52] found 16 cases of skeletal dysplasia (osteogenesis imperfecta, 

6; achondroplasia, 3; hypophosphatasia, 2; thanatophoric dysplasia, 1; short rib 

dysplasia, 1; Ellis–van Creveld syndrome, 1; hypochondroplasia, 1; 

chondrodysplasia punctata, 1,) in a population of 30 fetuses with micromelia. 

The FL (defined as a percentage of FL against the mean FL for gestational age at 

examination) was significantly lower in the skeletal dysplasia group than in the 

remain population. 

• Kurtz et al [53] described FL curve in a group of seven fetuses with 

achondroplasia. In this group of patient femurs were initially normal but failed 

to maintain their growth rate and became disproportionately shortened.  

• Goncalves et al [54] analyzed 127 cases of 17 skeletal dysplasias. Discriminant 

analysis showed that the FL was the best biometric parameter to distinguish 
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among the five most common disorders in this series (thanatophoric dysplasia, 

osteogenesis imperfecta type II, achondrogenesis, achondroplasia and 

hypochondroplasia). 

 
Short femur length and IUGR/SGA 

Our preliminary literature search identified 25 publications. We selected 5 potentially 

eligible studies [55-59]. We found 2 additional studies that elude first step research but 

met the review inclusion criteria [60-8]. In total we included 7 qualifying studies in our 

analysis (Figure F).  

 

 

 

 

Figure F. Flow chart depicts the search strategy we used to select study for meta-analysis on short fetal femur 
and IUGR/SGA 
 



 

In these studies 3108 cases of Short fetal femur (study group) and 222362 normal 

fetal femur (control group) were described.

The overall prevalence of IUGR/SGA in the study 

5.2% in general population). 

Overall short fetal femur fetuses were pooled , of which 455 cases presents IUGR/SGA. 

In control group this sign was present in 11634. The detection rate (DR) and the 

for the ability of short FL 

Meta-analysis showed a higher incidence of IUGR/SGA in the study group (455/3108, 

14,6%) compared with the control group (11634/222362, 5.23%) with an OR of 4.12 

(CI 95% 3.70-4.58). The results showed low heterogeneity (33%

 

 

 In addition a higher incidence of perinatal complication were found in fetuses with 

short femur length:  

• low birth weight (study group: 22,10% 72/326, versus 

307/3580) [55,56,58,59

• Apgar<7 at 5 minutes (study group: 3

64/3580) [55,56,58,59

Figure G. Meta-analysis : short femur length 

In these studies 3108 cases of Short fetal femur (study group) and 222362 normal 

fetal femur (control group) were described. 

The overall prevalence of IUGR/SGA in the study group was 14,6% (compared with 

% in general population).  

Overall short fetal femur fetuses were pooled , of which 455 cases presents IUGR/SGA. 

In control group this sign was present in 11634. The detection rate (DR) and the 

FL to detect cases of IUGR/SGA, was reported for each study

analysis showed a higher incidence of IUGR/SGA in the study group (455/3108, 

14,6%) compared with the control group (11634/222362, 5.23%) with an OR of 4.12 

4.58). The results showed low heterogeneity (33%) [55-60]. (Figure G)

In addition a higher incidence of perinatal complication were found in fetuses with 

ow birth weight (study group: 22,10% 72/326, versus control group: 

55,56,58,59] (Figure H); 

r<7 at 5 minutes (study group: 3,99% 13/326, versus control group: 

55,56,58,59] (Figure I); 

short femur length and correlation with IUGR/SGA  
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In these studies 3108 cases of Short fetal femur (study group) and 222362 normal length 

group was 14,6% (compared with 

Overall short fetal femur fetuses were pooled , of which 455 cases presents IUGR/SGA. 

In control group this sign was present in 11634. The detection rate (DR) and the FPR, 

to detect cases of IUGR/SGA, was reported for each study. 

analysis showed a higher incidence of IUGR/SGA in the study group (455/3108, 

14,6%) compared with the control group (11634/222362, 5.23%) with an OR of 4.12 

60]. (Figure G) 

In addition a higher incidence of perinatal complication were found in fetuses with 

control group: 8,57% 

control group: 1,79% 
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• Fetal demise (study group: 

962/220802) [56,57,60

• No differences were found with regard 

15.34% vs control group: 329/2220
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Figure H. Meta-analysis : short femur length 

(study group: 12,16% 367/3017, versus control group: 8

-57,59] (Figure J); 

(study group: 1,91% 55/2867, versus control group: 0

56,57,60] (Figure K); 

o differences were found with regard NICU admission (study group: 31/202

15.34% vs control group: 329/2220, 14.81%) [55,56] (Figure L). 

Neonatal death was observed only in five pregnancies in the study group, no 

cases were registered in control group (study group: 2,81% 5/178

[56,59,60] (Figure M). 

A correlation with hypertensive disorder and short FL was showed by meta

, versus control group: 8% 6067/75314) [55,56,58

short femur length and correlation with Low Birth Weight
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Figure I. Meta-analysis : short femur length 

Figure J. Meta-analysis : short femur length 

Figure K. Meta-analysis : short femur length 

Figure L. Meta-analysis : short femur length 

short femur length and correlation with Apgar-Score < 7 at 5 minutes

short femur length and correlation with Preterm Birth 

short femur length and correlation with intrauterine death.

short femur length and correlation with NICU 
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DISCUSSION 

The diagnosis of a short FL

other skeletal and structural fetal malformation in the context of a syndromic disease. 

Anyway it sometime appears as an isolated finding generating anxiety in parents. 
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challenge for clinicians, with a difficult counseling due to different possible diagnosis: it 

may be a marker of aneuploidy or associated with other genetic abnormalities or 
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appear later in gestation (> 25 w

diagnosed ultrasonography before 24 weeks is often linked to other fetal structural 

anomalies or to aneuploidies, while a diagnosis made later (above 25 weeks) is strongly 

Figure M. Meta-analysis : short femur length 

iagnosis of a short FL occurs in about 5% of pregnancies. It could be associated to 

other skeletal and structural fetal malformation in the context of a syndromic disease. 

Anyway it sometime appears as an isolated finding generating anxiety in parents. 

below the expected value (< 5th percentile) is a diagnostic 

challenge for clinicians, with a difficult counseling due to different possible diagnosis: it 

may be a marker of aneuploidy or associated with other genetic abnormalities or 

More recent studies [55-60] have suggested as an isolated 

short femur, in the second trimester of pregnancy, could be an early marker of IUGR 

Short FL may also derived by an inaccurate biometry

especially if present as an isolated finding. The counseling in 

presence of this marker could be more difficult when it appears later in gestation. For 

this reason we conducted an analysis of all cases of short FL diagnosed in our institution 

gnancy. To our knowledge this is the first study

outcomes between two groups of pregnancy with short FL: those with a

before 24 weeks of gestation (group A) respect to fetuses were this sign 

(> 25 weeks) (group B). Our results show that a short FL 

diagnosed ultrasonography before 24 weeks is often linked to other fetal structural 

anomalies or to aneuploidies, while a diagnosis made later (above 25 weeks) is strongly 

short femur length and correlation with neonatal death 
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associated with IUGR/SGA. In fact non isolated short femur was present in 60,6% of 

cases before 24 weeks and only in 14,8% of cases after 25 weeks. Conversely, isolated 

short femur was found in 79% of cases after 25 weeks and only in 33% of cases below 

24 weeks. Furthermore, the 27% of this group had abnormal karyotype at the invasive 

prenatal diagnosis. In group B only 3.7% fetuses presented aneuploidies. On the basis of 

our data a diagnosis of a short femur earlier in gestation is associated with poor 

pregnancy outcomes, especially when the sign is not isolated. Infact the group A 

accounted for only 23 (35%) live born fetuses versus 97,6% of group B. An high 

percentage of fetal demise and medical termination of pregnancy due to severe fetal 

anomalies were registered in this group. In our study, according to literature, the 

presence of a short femur is associated to low birth weight and height. Anyway no 

difference in perinatal outcome was seen in the two groups. This result is probably due 

to the high rate of IUGR fetuses in the group B (44,4%) that results in many premature 

births and neonatal complications. An higher rate of cesarean section were registered in 

our population compared to vaginal delivery, but mode of delivery were similar in the 

two groups. An association between isolated short femur and an increased risk of pre-

eclampsia was not observed. Results of our study indicate the need for a different 

counselling and management in pregnancies   with a short FL based on gestational age 

at the diagnosis.  

When an early diagnosis is made, it is necessary to inform the couple of the frequent 

associations with structural and chromosomal defects and to offer them genetic 

consultation, accurate anomaly scan to exclude other malformations, and if necessary, 

further investigations like fetal echocardiography and MRI.  
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A late diagnosis of short FL is associated with a higher percentage of IUGR while the 

risk of structural and chromosomal anomalies decreases. Therefore women must be 

informed of the associated risks with intrauterine death and preterm birth, and 

prematurity complications. In our counseling we should not forget that cases of isolated 

short FL could have a good prognosis.  

We suggest to all sonographers to be cautious when a short femur is found, because 

potential sources of errors in measurement must be considered. It is important to pay 

attention to the transducer inclination angle: if the femur is not perpendicular to the 

probe, the measurement is taken in an oblique plane with a difference in biometry that 

could vary from 4-10 mm [3]. It is also possible that one end of the bone is shadowed 

by another bony fetal segment [61]. It is also careful to exclude error in pregnancy 

dating by checking measurement at first trimester ultrasound. If a short femur is 

confirmed check for other structural malformation by a segmental and detailed scan of 

all fetal anatomic district. It is useful to acquire biometry of all long bone to exclude 

skeletal dysplasia. If isolated bilateral short femur are found, considered initially more 

common etiology, including ethnic variation, SGA or fetal growth restriction. 

Assessment of fetal and maternal Doppler measurement and evaluation of amniotic 

fluid index is essential for the diagnosis of IUGR fetuses. If no alteration in Doppler 

Velocimetry is found an evaluation of fetal biometry is recommended every two weeks. 

For the secondary aim of our research we reviewed the literature and used meta-analytic 

technique to estimate accuracy of this marker in the prediction of Down Syndrome, 

IUGR and skeletal dysplasia. Correlation with poor perinatal outcome was also 

evaluated. The role of short FL in screening of Down Syndrome reveals different results 

in international literature. In our study the percentage of this genetic disease was 6,8 %. 
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Todros et al affirmed that short FL is predictive of chromosomal anomalies, but only in 

fetuses with structural malformations [62]. SOGC practical guideline recommend to 

consider femur shortening like an ultrasound marker for trisomy 21 with a sensitivity of 

16% and FPR of 4% [63]. Our meta-analysis confirms a good performance of this 

sonographic markers in finding Down Syndrome fetuses, especially in second trimester 

ultrasound with an odds ratio of 5.12. Anyway the studies included showed great 

heterogeneity in number of sample, type of study and type of selected population. For 

this reason we decided to stratified the analysis for high-risk and low risk pregnancy. 

This analysis showed that femur shortness is more associated to Down syndrome in 

both population in comparison to euploid fetus. Anyway the association is stronger for 

high risk group compared to low risk with a difference statistically significant.   

A meta-analysis on the association of skeletal dysplasia and short femur failed for the 

absence of eligible studies. Literature review agreed  that a femur >4 SDs below the 

mean is highly specific for a skeletal dysplasia, likely lethal (assuming correct 

pregnancy dating).  

The diagnosis of a skeletal dysplasia should be considered when limb shortening is 

detected early and is relatively severe, falling at least two SDs below the mean relative 

to the biparietal diameter; however, this alone is not diagnostic for a skeletal dysplasia. 

If during follow-up, the FL is more than 5 mm below 2 SDs (equivalent to greater than 

4 SDs below the mean), the sonologist can be certain he or she is dealing with a 

significant skeletal dysplasia. Kurtz et al. [53] looked at 27 fetuses with shortened 

femurs and compared FL with biparietal diameter to determine degree of femoral 

shortening, thus correcting for discrepancies in gestational dating . Of the 12 fetuses 

with femoral shortening greater than 5 mm below 2 SDs, all 12 had a skeletal dysplasia, 
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8 of which were lethal. The long bones in all of the extremities should be measured. If 

limb shortening is present, the segments involved should be defined. A detailed 

examination of the involved bones is necessary to exclude absence, hypoplasia, and 

malformation of the bones. The bones should be assessed for presence, curvature, 

degree of mineralization, and fractures. The femur length–abdominal circumference 

ratio (<0.16 suggests lung hypoplasia) and femur length–foot length ratio (normal = 1, 

<1 suggests skeletal dysplasia) should be calculated.  

Non isolated short FL rate diverges in literature data: Vermeer et al. and Papageorghiou 

et al. reported 22% and 36% cases respectively associated with chromosomal or 

structural abnormalities [50]; Todros et al. described 46% of non isolated short FL cases 

[62].  While counseling and management of fetuses with not isolated short femur is 

more clear to clinicians and consist in genetic counseling and prenatal diagnosis for 

fetal Karyotype, the finding of an isolated short femur could be of more difficult 

management. In our study 58% of cases presented an isolated short FL. In others 

studies, this percentage was 83% et 78% [50]. Recent literature highlights the 

relationship between short femur and IUGR (40% in Papageorghiou, 39% in Todros and 

43% in Vermeer). [50,62]. In our population we found a percentage of 33%, with a 

major prevalence in group B (44,4. % vs 19%). Our meta-analytic data demonstrated 

that an isolated short femur increase IUGR/SGA risk four-fold respect to fetuses with a 

normal fetal femur biometry [55-60].   

In terms of aetiology of femur shortening in case of SGA/IUGR fetuses, literature data 

suggests different mechanisms. Cases due to placental insufficiency might be explained 

by redistribution of blood flow, with increased flow to the heart and brain and decreased 

flow to the lower body. In fact reduced FL is concordant with the small AC [59]. Zalel 
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et al suggested that the bone undergrowth was due to altered secretion of fibroblast 

growth factor 2 by the abnormal placenta [55,62]. Additionally, in others studies, 

PAPP-A is a promising prognostic parameter for the FL in the first and second trimester 

[55].  

Another aim of the present study was to investigate the different associations with 

adverse perinatal outcomes and isolated short femur length. The meta-analysis showed 

an increased risk for preterm birth (OR 2.35), fetal demise (OR 6.07), Apgar <7 at 5 

minutes (OR 3.27).  This data asserts that obstetricians' attitude in the management of 

these fetuses could be careful to prevent adverse pregnancy outcome. For this reason it 

is suitable to follow these patients in fetal medicine units and pregnancy high risk 

section [55-60].  

 

CONCLUSION 

The diagnosis of short FL is often a challenge in obstetrics. The results of our study 

could help clinicians in counseling these patients in presence of this ultrasound finding. 

The diagnosis of a non isolated short FL before 24 weeks of gestation is associated to 

poor pregnancy outcome. When a short femur arise late in gestation and in isolated 

form, pregnancy outcome is better in term of chromosomal abnormalities but high rate 

of IUGR, SGA and neonatal complication is possible. We conclude proposing a 

diagnostic algorithm (Figure N).   

 



 

 

 

 

Figure N. Diagnostic flow-chart for prenatal diagnosis of short femur 
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Appendix 3. ABBREVIATIONS 

(2D) two - dimensional   

(3D) three - dimensional 

(4D) four-dimensional 

(NT) nuchal translucency thickness 

(CRL) Crown-rump-length 

(DRs) Detection rates 

(TOP) termination of pregnancy 

(FPR) false positive rate 

(free-ßhCG) free beta human chorionic gonadotropin 

(PAPP-A) pregnancy-associated plasma protein-A 

(cfDNA) cell-free DNA 

(NIPT) non-invasive prenatal testing 

(PPVs) positive predictive values 

(CVS) Chorionic villus sampling 

(MRI) Magnetic resonance imaging 

(CNS) central nervous system 

(AER) apical ectodermal ridge 

(FL) femur length 

(SIEOG) Italian ultrasound Society of Obstetrics and Gynecology 

(SD) standard deviations 

(BPD) biparietal diameter 

(FPR) false-positive rate 

(HL) humeral length 

(CPC) choroid plexus cyst 

(EIF) echogenic intracardiac focus 

(SUA) Single umbilical artery 

(LR) likelihood ratios 

(NF) nuchal fold 

(US) ultrasound 

(NICU) Neonatal Intensive Care Unit 
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